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** Spit it of nature! here, 

In this interminable wilderness 
Of worlds, at whose immensity 
Even soaring fancy staggers, 

Here is thy fitting temple. 

Yet not the lightest leaf 
That quivers to the passing breeze 
Is less instinct with thee." — Shelley. 
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LIGHT. 

What soul was his, when, from the naked top 
Of some bold headland, he beheld the aim 
Rise up and bathe the world in light ! He looked — 
Ocean and earth, the solid frame of earth 
And ocean’s liquid mass, beneath him lay 
In gladness and deep joy.” 

E live in a mighty ocean whose waves are 
ever rushing hither and thither, always 
according to law, with velocity inconceiv 
able, almost immeasurable. These waves lave the shore 
of that island of space which is our home, travelling 
to it from remotest regions, and making known to us 
all that we know of what lies outside our small abode. 
We call these waves, or rather their effects, by the name 
of Light. We recognise in light — 

u offspring of HeavVs first-born 
And of th’ Eternal co-eternal beam M — 



the antecedent of all else that exists in the universe ; 
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or, as Sir John Herschel said, “the superior in point of 
rank and conception to all other products or results of 
creative power in the physical world. It is light which 
alone can give, and does give us, the assurance of a 
uniform and all-pervading energy — a mechanism almost 
beyond conception, complex, minute, and powerful, by 
which that influence, or rather that movement, is pro- 
pagated. Our evidence of the existence of gravitation 
fails us beyond the region of the double stars, or leaves 
at best only a presumption amounting to moral convic- 
tion in Its favour. But the argument for a unity of 
design and action afforded by light stands u>nweakened 
by distance, and is co-extensive with the universe itself.” 

What, then, is light ? What is that mysterious move- 
ment of some essence pervading all space, whereby, 
from remotest depths, news is brought to us, after 
journeys lasting many years, though space is traversed 
at a rate exceeding more than ten million times the 
velocity of the swiftest express train? 

Light is in reality the result of undulations in what is 
called the ether of space, a perfectly transparent, almost 
perfectly elastic medium, occupying not only void space, 
but flowing as freely through the densest solids as the 
summer breeze flows through the forest trees. The 
waves of light cannot in this way pass through solid 
or liquid, or even aerial bodies, but either they are 
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sooner or later brought to rest, or else they are more 
or less gradually deflected; just as the waves which 
traverse the ocean come to their end, or are deflected, 
when they meet the shore or shallows near the shore. 

All light, however, has its real origin, not in the 
ethereal ocean itself, but in the movements of the 
minute particles of which all forms of matter known to 
us are composed. A tiny atom, far too small to be per- 
ceived with a microscope, even though one should be 
made ten thousand times more powerful than any yet 
constructed, when set in rapid vibration, raises minute 
waves in the ethereal ocean, just as a small body, vibrat- 
ing on the surface of a sheet of water, would generate 
waves there. And as the water-waves would travel 
radially away from the place of their birth, so do the 
light-waves generated by the vibrations of one of the 
atoms composing a luminous body radiate forth in all 
directions through the ethereal ocean until, encountering 
some obstacle, they are sent (reduced in size) in a new 
direction. 

In some luminous bodies there are atoms vibrating 
in many different periods (all very small) so as to 
cause light-waves of many different kinds to proceed 
from the body. In other cases the atoms all vibrate 
at one rate, or at two or three or some definite num- 
ber of rates, so that only light-waves of certain kinds 
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proceed from the body. But in all cases these light- 
waves only cause us to see the body when they flow in 
through the pupil of the eye, and falling upon the retina 
(or the choroid membrane, or whatever part of the eye 
it may be which finally receives the waves), convey to 
the optic nerve, and thence to the brain, the information 
that such and such a body, so coloured, so shaped, so 
moving, exists towards that direction from which the 
light-waves seem to come. The body so seen, as we call 
it, may be the original source of light, or may be a body 
on which light has been reflected to us. 

It is in this way that we receive information from light- 
waves. It will be conceived how minute they must be, 
how perfectly they must retain their separate character, 
multitudinous though they are, in traversing the ether 
(even when that ether is clogged by the gross matter of 
our ordinary air), if we remember how through the tiny 
eye-pupil we often receive light-waves telling us of all the 
details, all the varieties of colour and brightness, all 
the movements in a rich landscape. 

Even more startling are the thoughts suggested by a 
view of the starlit heavens. From hundreds of suns at 
once the light-waves which have traversed varying but all 
enormous distances pour in upon the small circle of the 
eye-pupil, waves of many kinds coming in together from 
each sun. The waves which thus reach the eye from one 



LIGHT. 


5 


bright star have been but a few years upon their journey ; 
all that time they have been traversing an ocean swept 
in every part by untold millions of other waves, and yet 
they arrive as perfect in order and regularity as rollers 
which have traversed a wide sea pour in upon a level 
shore. From another star, as bright as the first, they 
have been years in travelling; from some among the 
fainter stars, hundreds, perhaps thousands of years. Yet 
still they flow on, each order of waves in perfect uni- 
formity as when they first left their parent sun. 

But even this is not all. Among the waves which reach 
the eye many, nay, most, are so small that ordinary vision 
cannot perceive their action. Take, however, a telescope, 
and so gather them together as to intensify this action, 
and they are rendered perceptible, just as the unnoticed 
heaving of ocean becomes a manifest wave-motion when 
it reaches a regularly narrowing inlet. Thus, from stars 
so remote that their light has required thousands, or, 
even in some cases, perhaps, hundreds of thousands 
of years in reaching us, the light-waves flow steadily 
in upon us. So small are these waves, that the breadth 
of from forty to sixty thousand of them would occupy but 
a single inch. Through every point in space waves from 
all the hundred millions of stars are at all times simul- 
taneously rushing at the rate of one hundred and eighty- 
five thousand miles in every second of time : yet they 
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travel on altogether undisturbed, and each tells its story 
as distinctly as though the ether had conveyed no other 
message, and that message but for a short distance. 

It would be difficult to say which thought, considered 
in its real significance, is more striking, — the thought of 
what is done for us by light regarded as a terrestrial phe- 
nomenon, or the thought of what light is doing, and has 
done, in presenting to us a view of the starlit heavens. 

When the sun rises in splendour above the eastern 
horizon, tinting the sky with varied colours, lighting up 
the clouds which till then have been but dark patches on 
the heavens, bringing out the colours of hill and dale, 
rock and river, fields and woods, the heart gladdens at 
the spectacle. A pleasing melancholy falls on us as the 
light fades away at eventide, tint after tint vanishing, 
until at length the gloom of night enshrouds all. The 
full splendour of mid-day, the chastened splendour of a 
moonlit night, and the glory of the heavens when “all 
the stars shine, and the shepherd gladdens in his heart,” 
stir the soul in like manner ; and it might seem to many 
that to analyse these glories, to explain their scientific 
meaning, would be to rob the mind of the pleasure it 
had before found in such scenes. Many would be dis- 
posed to think that a purer enjoyment is expressed by 
Augustine than any student of science could find in the 
wonders of light, in those words in which he expresses 





LIGHT. 


9 

his sense of the loveliness of fair forms and brilliant 
colours. “For light, queen of the colours,” he says, 
“ bathing all I can look upon, from morning till evening, 
let me go where I will, will still keep gliding by me in 
unnumbered guises, and soothe me whilst I am busy at 
other things, and am thinking nothing of her.” But the 
sensuous pleasure afforded by light is enhanced, while a 
purer and higher enjoyment is superadded, when the real 
meaning of the display is understood. As the astronomer 
sees in the sun a more glorious object than the sun of 
the poet, recognising in imagination not only the visible 
splendour of that orb, but the mighty energy with w hich 
it is swaying the motions of a scheme of circling worlds, 
the wondrous activities at work throughout its entire 
frame, the inconceivable tumult w'hich must prevail in 
that seemingly silent globe, so the glories of light, rightly 
understood, are far more impressive than as they appeal 
simply to the senses. 

Consider, for instance, the real meaning of sunrise. 
The orb seemingly rising above the horizon, but, in 
reality, at rest, is the source of all the glory which is 
spreading over the fair face of earth. The atoms of that 
remote body, vibrating wath intensest activity, send forth 
in all directions ethereal waves, and of these relatively 
but a very few, about one in two thousand millions, fall 
upon our earth, producing the phenomena of sunlight 
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They have been little more than eight minutes on the 
road, but in that short time they have traversed more 
than 90,000,000 of miles. Were they to fall directly 
upon our earth, we should see few of the splendours 
which attend the uprising of the sun. The deep air 
clothing our earth receives the onward rushing waves, 
and reflects them in all directions. To use Biot’s simile, 
“ The air is a sort of brilliant veil, which multiplies and 
diversifies the sunlight by an infinity of repercussions.” 
Nor is the wonder of the scene, or its effect in filling the 
mind with solemn and poetic thoughts, diminished — 
on the contrary, it is enhanced — by the recollection 
that the gradually growing glory of day is brought about 
by the slow turning of the mighty earth, — 

“ that spinning sleeps 
On her soft axle, as she paces even, 

And bears us soft with the smooth air along.” 

But if this is true of a scene of terrestrial splendour, 
how much more fully may it be said of the glories of the 
heavens? No poet, if unaware of the real meaning of 
modern discoveries respecting the celestial bodies, can 
be moved by the starlit depths as the astronomer is, at 
least the astronomer whose study of science is not limited 
to mere observation and calculation. Hundreds of 
bright points of light sparkling, and sometimes varying 
strangely in colour, form, no doubt, a beautiful scene } 
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but the scene is not less beautiful, and certainly it is far 
more impressive, when we remember that every one of 
these points of light is a sun, mighty in attractive energy 
like ours, its whole surface glowing with fiery heat, and 
every particle of its substance constantly in motion, if 
not always in the fierce rush of cosmic hurricanes, yet 
with the ceaseless vibrations which generate the ethereal 
light-weaves telling us of the star’s existence. 

There is one strange thought connected with the 
motion of light-waves through the ether of space which 
has not, I think, received the attention it deserves. 

Every one knows that when we look at the heavens we 
do not see the celestial bodies where they are, but w r here 
they were , and again, not where they w’ere at any one 
moment of time, but some where they were a short time 
ago, others where they were very long ago. But it is 
not so generally known, or remembered by those wiio do 
know it, that if light w r ere not so active as it is the result 
w r ould be that utterly incorrect pictures of the celestial 
depths would continually be presented to us. As matter? 
actually are no orb in space can appear very far from its 
true place. We see the sun, for instance, at any moment, 
not where he is, but w’here he was (or rather tow^ards the 
direction in w r hich he lay) about eight minutes before. 
But as the real velocity of the earth, and therefore the 
apparent velocity of the sun, amounts only to about 
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eighteen miles per second, the sun is only thrown about 
9000 miles out of his true position, which is but about 
the ninetieth part of his diameter : so that we see the sun 
very nearly in his right place. Now it might seem that 
a star whose light takes, say, twenty years in reaching us, 
must be seen very far from its true place, supposing the 
star to be travelling along very quickly; and, in one 
sense, this is true. If such a star is moving at the rate 
of fifty miles per second, athwart the line of sight, it 
wall be out of place by so considerable a distance as 
315,000,000,000 of miles. Yet the star wall appear very 
nearly in its true position, simply because, at the star’s 
enormous distance from us, even the great distance just 
named is reduced to a very small apparent amount. 
Such a star w'ould, in fact, be displaced by only about 
the thirtieth part of the sun’s or moons apparent diame- 
ters, or by about a fifteenth part of the distance separat- 
ing the middle star of the Great Bear’s tail from its 
small companion, sometimes called Jack by the Middle 
Horse. Thus the stellar heavens present very truly to us 
the positions of the stars ; for such athwart motion as I 
have just imagined would be very much larger than the 
motion of far the greater number of the stars. But we 
only thus see the heavens truly pictured because of the 
enormous velocity w’ith which light travels. If light 
swept along only at the rate of a hundred miles in a 
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second (a velocity still far beyond our powers of concep- 
tion), there would be no believing what we should see, 
for every star, and our own sun, and all the planets, and 
even our own companion planet, the moon, would be 
thrown in appearance very far from their true positions. 
If they were all shifted in position by the same amount 
and in the same direction the picture would still be true, 
in a sense, just as we see a true picture of an object at 
the bottom of a clear lake, though the picture is dis- 
placed by the refractive action of the water on the 
rays of light. But, in the imagined case, the sun, 
and moon, and planets, and stars would be shifted 
by different amounts and in different ways, simply 
because they are moving at different rates and in 
different directions. The scene presented to us would 
have been utterly untrue. Astronomy as a science 
could probably have had no existence in such a case. 
Assuredly it could have had no existence until students 
of the heavenly bodies had learned to accept as the 
first axiom of their science the doctrine that “ Seeing 
is not believing.” 

A strange thought truly, that so active are the orbs 
peopling space, so swiftly do they rush onwards upon 
their orbits, that light, carrying its message at a rate 
exceeding six thousand times the velocity of the swiftest 
express train, would be utterly unable to give a true 
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account of the position and movements of the celestial 
bodies. Fortunately light gives a true record, because 
the qualities of the cosmic ether are such that the mes- 
sage of light is transmitted hundreds of times more 
swiftly than the swiftest bodies in the universe travel 
onwards upon their orbits around each other or in 
space. 



SPACE 


LTHOUGH astronomy tells us in clearest 
words of the vast depths of space which 
surround our earth on all sides, we are not 
thereby enabled to realize their enormous extension. It 
is not merely that the unknown depths beyond the range 
of our most powerful telescopes are inconceivable, but 
that the parts of space which we can examine are on too 
large a scale for us to conceive their real dimensions. 
It is hardly going too far to say that our powers of 
actual conception are limited to the extent of space 
over which the eye scents to range in the daytime. Of 
course in the daytime, at least in clear weather, there 
is one direction in which the eyesight ranges over a 
distance of many millions of miles, — namely, where we 
see the sun. But the sense of sight is not cognisant of 
that enormous distance, and simply presents the sun to 
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us as a bright disc in the sky, or perhaps rather nearer to 
us than the sky. Even the distance of the sky itself is 
under-estimated. A portion of the light we receive from 
the sky on a clear day comes from parts of the atmos- 
phere distant more than thirty or forty miles from us ; 
but the eye does not recognise the fact. The blue sky 
seems a little farther off than the clouds, but not much ; 
the light clouds of summer seem a little but not much 
farther off than the heavier clouds of a winter sky; a 
cloud-covered winter sky seems a little farther off than 
heavy rain-clouds. The actual varieties of distance 
among clouds of various kinds are not much more 
clearly discerned than the actual varieties of distance 
among the heavenly bodies. The estimate formed of 
the distance of a cloud-covered sky overhead probably 
amounts to little more than a mile, and it is very doubt- 
ful whether the mind presents the remotest depths of a 
blue sky overhead at more than two miles. Towards 
the horizon the distance seems greater, and probably on 
a cloudy day the sky near the horizon is unconsciously 
regarded as at a distance of about five miles, while 
blue sky near the horizon may be regarded as lying at a 
distance of six or seven miles, the arch of a blue sky 
seeming to be far more deeply curved than that of a 
cloud-covered sky. 

It is to distances such as these that the mind uncon- 
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sciously refers the celestial bodies. We know that the 
moon is about 2,000 miles in diameter, but the mind 
refuses to present her to us as other than a round 
disc much smaller than those other objects in sight 
which occupy a much larger portion of the field of 
vision. The sun cannot be conceived to exceed the 
moon enormously in size, seeing that he appears no 
larger; and all the multitude of stars are judged by 
the sight to be mere bright points of light in reality as 
they appear to be. 

How, then, can we hope to appreciate the vastness of 
space whereof astronomy tells us ? To the student of 
science attempting to conceive the immensities of whose 
existence he is assured, the same lesson might be taught 
in parable which the child of St Augustine’s vision 
taught the Numidian theologian. As reasonably might 
an infant hope to pour the waters of ocean into a hollow, 
scooped with his tiny fingers in the sand, as man to 
picture in his narrow mind the length and breadth and 
depth of the abysses of space in which our earth is lost. 

Yet, as a picture of a great mansion may be so drawn 
on a small scrap of paper as to convey just ideas of its 
proportions, so may the great truths w’hich astronomy 
has taught us about the depths of space be so presented 
that just conceptions may be formed of the proportions 
of at least those parts of the universe which lie within 
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the range of scientific vision, though it would be hopeless 
to attempt to conceive their real dimensions. 

Thus, when we learn that a globe as large as our 
earth, suspended beside the moon, would seem to have a 
diameter exceeding hers nearly four times, so that the 
globe would cover a space in the heavens about thirteen 
times as large as the moon covers, we form a just con- 
ception of the size of the moon as compared with the earth, 
though the mind cannot conceive such a body as the 
moon or the earth really is. When, in turn, we are told 
that if a globe as large as the earth, but glowing as brightly 
as the sun, were set beside the sun, it would look a mere 
point of light, we not only learn to picture rightly to our- 
selves how largely the sun exceeds the earth, but also 
how enormous must be the real distance of the sun. 

Another step leads us to a standpoint whence we can 
form a correct estimate of the vast distance of the fixed 
stars ; for we learn that so enormous is the distance of 
even the nearest fixed star, that the tremendous space 
separating the earth from that star sinks in turn into the 
merest point, insomuch that if a globe as bright as the 
sun had the earth’s orbit as a close fitting girdle, then 
this glorious orb (with a diameter of some 184,000,000 
of miles) would look very much smaller than such a 
globe as our earth would look at the sun’s distance — 
would, in fact, occupy but about one- fortieth part of the 
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space in the sky which she, though she would then look 
a mere point, would occupy if viewed from that distance. 

But there is a way of viewing the immensities of space 
which, though not aiding us indeed to conceive them, 
enables the mind to picture their proportions better than 
any other. The dimensions of the earth’s path around 
the sun sink into insignificance beside those of the 
outermost planets ; but these in their turn dwindle into 
nothingness beside those of some among the comets. 
From the paths of these comets, if only sentient and 
reasoning beings could trace out in a comet’s company 
those mighty orbits, and could have for the duration 
of their existence not the brief span of time which 
measures the longest human life, but many circuits of 
their comet home around the same ruling orb (as 
we live during many circuits of our globe around the 
sun), the dimensions of the star-depths, which even to 
scientific insight are all but immeasurable, would be 
directly discernible. Not only would the proportions 
of that mighty system be perceived, whose fruits and 
blossoms are suns and worlds, but even the gradually 
changing arrangement of its parts could be discerned. 

Some comets, indeed, as I pointed out in an essay on 
comets several months ago (see Expanse of Heaven, 
p. 149), do not travel around the sun, but flit from 
sun to sun on journeys lasting millions of years, paying 



22 


SPACE . 


each sun but a single visit. A being inhabiting such 
a comet, and having these interstellar journeys as the 
years of his existence, so that he could live through 
many of them, would have a wonderful insight into the 
economy of the stellar system. If his powers of con- 
ception as far exceeded ours as the range of his travels 
and the duration of his existence, he would be able to 
recognise the proportions of a large part of the stellar 
universe as clearly as we recognise the proportions of 
the solar system. 

But leaving these wonderful wanderers, whose journeys 
are as far beyond our powers of conception as the im- 
mensity of the regions of star-strewn space, we may find, 
among the comets belonging to the sun's domain, bodies 
whose range ot travel would give their inhabitants far 
clearer views of the architecture of the heavens than 
even the profoundest terrestrial astronomer can possibly 
obtain. 

Such a comet as Halley's (fig. 3) for instance, though 
one of comparatively limited range in space, yet travels so 
far from the sun that, from the extreme part of its path, 
it sees the stars displaced nearly twenty times as much 
(owing to its own change of position) as they are from 
the earth on opposite sides of her comparatively narrow 
orbit. And the length of this comet’s year, if it indi- 
cated the length of the lives of all creatures travelling 
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along with it, would suggest a power of patiently watch- 
ing the progress of changes lasting not a few of our 
years only, but for cen- 
turies. Seventy-five or 
seventy-six years elapse 
between each return of 
this comet to the sun's 
neighbourhood, and 
one who should have 
lived during sixty or 
seventy circuits of this 
body around its mighty 
orbit would have been 
able to watch the rush 
of stars, with their ve- 
locities of many miles 
per second, until visible 

displacements had Fiff. 3— Halley's Comet of iS?5. 

taken place in their positions. 

This, however, is as nothing compared with the 
mighty range in space and the enormous period of the 
orbit of the great comet of the year 1S11 (fig. 4). This 
comet is, on the whole, the most remarkable ever known. 
It was visible for nearly seventeen months, and though 
it did not approach the sun within 100,000,000 miles 
and was therefore not subject to that violence of action 
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which has caused enormous tails to be thrown out from 
comets which have come within a few million miles 
of him, or even within less than a quarter of his own 
diameter, it flourished forth a tail 120,000,000 of miles 
in length. Its orbit has, according to the calculations of 
the astronomer Argelander, a space exceeding the earth's 
distance from the sun 21 1 times, and thus surpassing 
even the mighty distance of Neptune fully seven times. 
It occupies in circuiting this mighty path no less than 
3065 of our years (with a possible error either way of, 
about forty-three years). So that, according to Bible 
chronology, this comet's last appearance probably oc- 
curred during the rule of the judge Tola, son of Puah, 
son of Dodo, over the children of Israel, though it may 
have occurred during the rule of his predecessor Abime- 
lech, or during that of his successor Jair.* During 
one half of the enormous interval between that time 
and 1 81 1 the comet was rushing outwards into space, 

* It might be suggested that the appearance of this blazing comet 
among the stars drove the more superstitious of the Israelites at that 
time to the worship of star -gods, as we read how, during the judg- 
ship of Jair, they “served Baalim, and Ashtaroth, and the gods of 
Syria, and the gods of Moab, and the gods of the Philistines, and 
forsook the Lord and served not Him.” To a people like the Jews, 
who seem to have been in continual danger of returning to the 
Sabaistic worship of their Chaldean ancestors, the appeal ance of a 
blazing comet may have been a frequent occasion of backsliding. 
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reaching the remotest part of its path somewhere about 
the year 278 (a.d.), and from that time to 18 n it was on 
its return journey. It is strange to think, however, that 
though the remotest part of its path lay 2 1 1 times farther 
from the sun than the earth’s orbit, yet even this mighty 
path, requiring more than 3000 years for a single circuit, 
cannot be said to have carried the comet into the star- 
depths. If the earth were to shift its position by the 
same enormous amount the nearest fixed star would have 
its apparent position changed only by about an eighth 
part of the apparent diameter of the sun or moon, or by 
about one-quarter of the distance separating the middle 
star of the Bear’s tail from its close companion. 

But this fact of itself is most strikingly suggestive of 
the vast distance of the stars. For consider what it 
means. Imagine the middle star of the Bear’s tail to be 
the really nearest of all the stars instead of lying probably 
twenty or thirty times farther away. Conceive a comet 
belonging to that sun after making its nearest approach 
to it to travel away upon an orbit requiring 3000 years for 
each circuit. Then (supposing that star equal to our sun 
in mass), the comet, though rushing away from its sun 
with inconceivable velocity during 1500 years, would, at 
the end of that vast period, seem to be no farther away 
than one-fourth of the distance separating the sun from its 
near companion. Look at the middle star of the Bear’s 
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tail on any clear night, and on its small satellite, remem- 
bering this fact, and the awful immensity of the star 
depths are strongly impressed upon the mind. But the 
observer must not fail to remember that the star really 
is many times more remote than we have here for a 
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Fig. 5— Six-tailed Comet of 1744,. 

moment supposed, and that such a comet’s range of 
travel would be proportionately reduced. Moreover, 
many among the stars are, doubtless, hundreds, even 
thousands, of times still farther away . 

Let us turn lastly to the amazing comet of the year 
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1744, pictured, at the time, as shown in fig. 5 (though 
probably the drawing is greatly exaggerated). We find 
that though it had the longest period of any which 
has ever been assigned to a comet as the result of actual 
mathematical calculation, yet its range in space would 
scarcely suffice to change the position of the stars in 
such sort that the aspect of the familiar constellations 
would be materially altered. Euler, the eminent mathe- 
matician, calculated for this comet a period of 122,683 
years, which would correspond, I find, to a distance of 
recession equal to 2469 times the distance of the earth 
from the sun, or about eighty times the distance of 
Neptune. Yet this is but little more than twelve time.* 
the greatest distance of the comet of 1811. Probably 
the actual range of such an orbit from the middle star of 
the Bear’s tail would be equal in appearance to the range 
described above on the supposition that the star is no 
farther from us than the nearest known star (Alpha 
Centauri). That is, such a comet, if it could be seen 
and watched during a . period of about 122,000 years, 
would seem to recede from the star to a distance equal to 
about one-fourth the space separating it from its close 
companion, and then to return to the point of nearest 
approach to its ruling sun. 

Such are the immensities of star-strewn space ! The 
journey of a comet receding from the sun with incon- 
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ceivable velocity during hundreds of thousands of years 
carries it but so small a distance from him compared 
with the distance of the nearest star as scarcely to change 
the appearance of the celestial landscape ; and yet the 
distances separating the sun from the nearest of his 
fellow suns are but as hair-breadths to leagues when 
compared with the proportions of the scheme of suns to 
which he belongs. These distances, though so mighty 
that by comparison with them the inconceivable dimen- 
sions of our own earth sink into utter nothingness, do 
not bring us even to the threshold of the outermost 
court of that region of space to which the scrutiny of 
our telescopes extends. Yet the whole of that region is 
but an atom in the infinity of space. 



III. 


OF THE INFINITELY MINUTE. 

HEN I speak of the infinitely minute, I use 
the word infinitely not in its absolute sense, 
but relatively. Actual infinity of minute- 
ness is as utterly beyond our conceptions as actual 
infinity of vastness. But we may speak of what is very 
much less than the least object of which our senses can 
make us directly conscious as for us infinitely minute. 
Among the greatest wonders science has to deal with are 
those relating to bodies and movements thus beyond the 
direct ken of our senses. There is a universe within the 
universe which our senses reveal to us, — a universe whose 
structure is so fine that the minutest particle which the 
microscope can reveal to us is, by comparison, like one 
of the suns which people our universe compared with 
the unseen particles constituting matter. 

It is a strange thought that the objects constituting 
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our universe, so long regarded by man as the only uni- 
verse, are in a sense pervaded by the materials of an 
utterly different universe, — which yet is as essential to 
our very existence as what we commonly call matter. 
We cannot live without light and heat, for instance, and 
again, light and heat affect matter as we know it; but 
they thus exist and affect such matter by means only of 
a form of matter unlike any which we can conceive. 
It is certain that if absolute vacancy separated our earth 
from the sun, even by the narrowest imaginable gap, his 
heat and light could never reach us. They could on 
more pass that vacant space than the wave-motion of 
water can cross a space where water itself is wanting. 
It is because of relations such as these that it has been 
said, and justly, that matter is the less important half 
of the material constituting the physical universe. 

Our knowledge of this universe within our universe 
has been obtained within comparatively recent years. 
Men were unwilling or at least they spoke and thought 
as if they were unwilling, to believe that the universe 
of matter which they had so long recognised was de- 
pendent on another universe for its chief if not all its 
properties. They regarded heat as some sort of sub- 
stance, which might, with more delicate means than they 
possessed, admit of being dealt with as chemists had 
dealt with the gases. The sun was full of this fluid, this 
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phlogiston, as it was called Light, in so far as it could 
be distinguished from heat, was another fluid ; electri- 
city was another. These were the imponderables, or un- 
weighable substances of last century’s science, — not as 
with us, the effects of modes of motion taking place in a 
universe which, though material, is yet not made of 
matter such as we know, or even such as we can at 
present conceive. 

This is the greatest of all hdman scientific marvels, — 
the greatest because it includes all others. We know of 
a universe which is as infinite in extent, and doubtless in 
duration, as our own universe ; which pervades all forms 
of matter: and yet we know of this universe only in- 
directly ; by the effects of movements taking place within 
it, not by any perception of these movements themselves. 
Waves are ever beating upon the shores of our material 
universe, and constantly changing the form and condition 
of the coast line, but the waves themselves are unseen. 
We only know of their existence through the changes 
wrought by them. 

We speak of the ether of space, and of waves travers- 
ing it, as though the ether were simply some fluid very 
much more attenuated than the rarest gas, even in a so- 
called vacuum. But in reality, so soon as we attempt to 
apply to the movements taking place in such an ether 
the mechanical considerations which suffice for the 
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motions of all ordinary forms of matter, we perceive that 
it must of necessity be utterly unlike any kind of sub- 
stance known to us. For instance, we find that though 
it is like a gas in being clastic, its elasticity is infinite 
compared with that of any material gas. Again, it is like 
a solid in retaining each of its particles always very near 
to a fixed position ; but again, no solid we know of 
can be compared with it for a moment as respects this 
kind of rigidity. It is at once infinitely elastic and 
infinitely rigid. We cannot, for example, explain the 
phenomena of light unless we suppose the elasticity of 
the ether at least 800,000,000,000 times greater than 
the elasticity of air at the sea-level ; and yet, as Sir J. 
Herschel long since pointed out, even’ phenomenon of 
light points strongly to the conclusion that none of the 
particles of the ether can be “supposed capable of inter- 
changing places, or of bodily transfer to any measurable 
distance from their own special and assigned localities 
in the universe. Again, how are we to explain the con- 
tinuance of the ether in its present condition, when we 
recognise the fact that a gas of similar elastic power 
would expand in all directions with irresistible force, 
diminishing correspondingly in density ; yet the ether of 
space remains always, so far as we can judge, absolutely 
unchanged in position. Its characteristics certainly re- 
mained unchanged. Light trawls at the same rate now 



OF T!IE INFINITELY MINUTE . 


35 


as it did last year, last century, a million years ago. The 
ether, then, that bears it has presumably remained un- 
changed. If it were gaseous, and bounded on all sides 
by vacuum, it would expand with inconceivable velocity. 
To suppose it infinite in extent is to get rid of the diffi- 
culty perfectly; but only by introducing a difficulty far 
greater.”* 

A wonderful feature of the infinitely tenuous ether 
is, that while its ultimate particles must be inconceiv- 
ably more minute than the ultimate atoms of ordinary 
matter, the movements taking place in it are trans- 
mitted with enormous velocities. The structure of our 
universe is on a grander scale ; its least atom may com- 
prise millions of millions of the largest component 

* I do not say we can in any wav avoid this far greater difficulty. 
Our own material universe cannot even be conceived as limited in 
any way save by void space of infinite extent ; and it is as impossible 
fur us to conceive an infinite void as to conceive the infinite exten- 
sion of matter. Some modern mathematicians, indeed, assert that 
space is not necessarily infinite, but they accompany the assertion 
(very justly) with the admis>ion that we cannot possibly conceive any 
boundary to space ; and as one of the things they ask mathematicians 
to admit is the possibility that a straight line indefinitely produced 
both ways will at length re-enter into itself, while another is the 
possibility that in other parts of the universe two and two may 
make three or five, they are not likely, I conceive, to persuade most 
mathematicians (profoundly mathematical though they are them- 
selves) that the mystery of infinity has been as yet entirely ex- 
pounded. 
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portions of that infinitely tenuous ether. But amid 
that ether motions arc transmitted with velocities trans- 
cending all but infinitely those which take place among 
the particles of matter composing the universe in which 
we “ live and move and have our being.” The planets, 
immense aggregates of matter such as we know it, 
sweep onwards upon their immense orbits, traversing 
many thousands of miles in an hou r ; but light and 
heat sweep along the ether of space, and by virtue of 
motions taking place within that ether at the rate of 
many tens of thousands of miles per second. The 
suns which people space rush onwards with mightier 
momentum, but less swiftly than the planets in their 
orbits. Comets attain the greatest velocities of all the 
bodies that science deals with, rushing sometimes, in 
their periastral swoop, with a velocity of hundreds of 
miles per second, — thoueh vet in mid-space the comets 
of widest orbital range lag slowly enough, insomuch 
that some of those which, when nearest our sun, travel 
at the rate of two or three hundred miles per second, 
move more slowly when very far from him than many 
of our rivers. Taking even the swiftest rush of a 
comet within the solar domain, wc find that light speeds 
along five hundred times more quickly, — so that if we 
represent the velocity of light by that of an express 
train (reducing lights velocity in scale to about 
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one- 1 0,000, oooth part of its real value), the velocity of 
the most swiftly-moving comet would be represented 
by that of a walk at the rate of one-eighth of a mile 
per hour, — a very slow walk indeed. 

It is not only amid the depths of space that these 
wonderfully swift motions take place in the ethereal 
universe. As I have said, that universe pervades ours 
throughout its entire extent. The densest of our 
solids is as freely traversed by the ether as a forest by 
the summer breeze. As the foliage of a thick forest 
may prevent the passage of fierce winds, so may a solid 
body prevent the passage of light-waves — though ail 
solid bodies, as we know, do not prevent, and some 
scarcely even modify, the passage of light. But sub- 
stances which prevent the passage of light are yet 
found capable of transmitting ethereal motions of 
similar velocity. According to Wheatstone's experi- 
ments electricity travels at the rate of more than 
200,000 miles per second along stout copper wire. 
Fizeau’s experiments gave a lower speed; but they did 
not negative Wheatstone’s, the conditions not being the 
same. Can anything be more wonderful than the 
thought of the transmission of electricity with this enor- 
mous velocity? What really happens we do not know. 
Perhaps if we were told what really takes place be- 
tween and among the particles of the wire, we should 
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find ourselves utterly unable to conceive it — for, as 
we have seen, the properties of the ether, and, there- 
fore, the processes taking place in the ethereal universe, 
are probably unlike any within our experience. But 
this we know — a certain condition of the molecules of 
the wire is transmitted, by virtue of the ethereal medium 
pervading the wire, at a rate so enormous that, if the 
wire itself could move at that rate, the force required 
to bring its mass to rest would suffice to generate 
enough heat to turn many times as much metal into 
the vaporous state. 

Nay, even as regards the energy of their action on the 
matter of our universe, these movements in the ethereal 
universe enormously exceed the forces we are accus- 
tomed to regard as most powerful. The effects pro- 
duced by gravity, for instance, are almost evanescent 
compared with those produced by heat. The sun’s 
rays poured on a piece of metal for a few minutes pro- 
duce motions in every one of the ultimate particles of 
the metal. Each particle vibrates with inconceivable 
rapidity (referring to the rate at which the vibrations 
succeed each other), and with great actual velocity of 
motion. Summing up the energy thus pervading the 
piece of metal, we find that it incalculably exceeds the 
energy represented by the velocity which the sun’s 
attraction would communicate in the same interval to 



OF THE INFINITELY MINUTE . 3$ 

that piece of metal, supposed to be entirely under its 
influence at the earth’s distance from the sun. 

Or take another instance. " Think for a moment,” 
say the authors of the “ Unseen Universe,” “ of the 
fundamental experiments in electricity and magnetism, 
known to men for far more than 2000 years, — the lift- 
ing of light bodies in general by rubbed amber and 
of iron filings by a loadstone. To produce the same 
effect by gravitation-attraction, — at least, if the attract- 
ing body had the moderate dimensions of a hand- 
specimen of amber or loadstone, — we should require it 
to be of so dense a material as to weigh, at the very 
least, 1,000,000,000 pounds, instead of (as usual) a 
mere fraction of a pound. Hence it is at once 
obvious that the imposing nature of the force of 
gravity, as usually compared with other attractive 
forces, is due, not to its superior qualitative magni* 
tude, but to the enormous masses of the bodies which 
exercise it.” 

We may put this illustration in another form. When 
we place a powerful magnet near a piece of iron, say at 
a distance of one inch, and the magnet lifts that piece 
of iron by virtue of its attractive power, a contest has been 
waged, if one may so speak, between the attractive 
powers of the small magnet and of the mighty earth, 
and the magnet has conquered the earth. Now the 
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magnet has been much nearer than the earth to the 
piece of iron, for we know that the earth’s attractive 
influence has been the same as though the entire mass 
of the earth were gathered at its centre, say 4000 miles 
from the piece of iron. A distance of 4000 miles con- 
tains 4000 times 1760 times thirty-six inches, or, roughly, 
250 millions of inches. (This is in truth very near 
the true number of inches in the earth’s radius, inso- 
much that many suppose the inch to have been ori- 
ginally taken as the 500,000,000th part of the earth’s 
diameter. A British inch is about one-5 00,000,000th 
part of the polar diameter of the earth.) Since attraction 
diminishes as the square of the distances increases, and 
vice versa , it follows that if the earth’s entire mass could 
act on the piece of iron, at a distance of one inch, the 
attraction would exceed that actually exerted by the 
earth 250 million times 250 million times, or 62,500 
millions of millions of times. In this degree, then, the 
earth is at a disadvantage compared with the magnet 
as respects distance. And one-62, 500, 000, 000, 000, oootli 
part of the earth’s mass would be capable of attracting 
the piece of iron as strongly as the earth actually 
attracts it, if that fraction of the earth’s mass could 
exert its pull from a distance of only one inch. But a 
62,500,000,000,000,000th part of the earth would be 
an enormous mass. It would weigh about 97,500 tons. 
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or some 218 millions of pounds. Thus a magnet 
which a child can lift exerts a greater attraction on 
the piece of iron at the same distance than a mass at 
least 1000 million times its weight could exert by its 
gravity only. 

In fact we see from this illustration that gravity, 
though it produces effects so tremendous, though it 
sways the moon round the earth, the earth and all 
the other planets around the sun, and urges the sun 
and his fellow- suns through space, is, after all, but a 
puny force in itself. A child can lift his own weight 
against the attraction of the mighty earth ; and by 
combined strength as many children as would have a 
weight equal to the earth’s would easily bear a weight 
exceeding the earth’s, if the force could be wholly and 
directly applied to such work.* 

The attraction of gravity must, however, be regarded 

* Of course the reader will understand that when I here speak 
of the earth’s weight, I mean simply the pressure which would be 
exerted by the quantity of matter contained in the earth, if each 
portion were only subjected to an attractive force equal to that of 
gravity at the earth’s surface. The actual force with which the 
earth is drawn in any direction, as a weight at the earth’s surface 
is drawn downwards, depends on the distance and mass of the 
attracting body as well as on the mass of the earth ; and strictly 
speaking, we ought not to say that the earth weighs so many 
millions of tons, but that she contains so many million times as 
much matter as a mass which at bet surface wc\?]cvs a. toru 
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as only one manifestation of the energies of the in- 
finitely minute. It is in this sense well worthy of 
careful study. I propose to present in a future paper 
some of the strange thoughts which are suggested by 
the action of this wonderful force, the range of whose 
activity is seemingly co-extensive with the material 
universe. 




IV. 

THE MYSTERY OF GRAVITY. 

HE law of gravity, or of the mutual attrac- 
tion of masses of matter upon each other, 
accounts so perfectly for all the observed 
motions of the heavenly bodies, that we are apt to 
regard Newton’s discovery of the great law as though 
it had finally solved the mystery of these motions. 
Many accept the verdict given by the poet Pope in the 
famous epitaph which he suggested for Newton, — 

“Nature and Nature’s laws lay hid in night : 

God said, Let Newton be ! and all was Light. ” 

But Newton, who probably knew as much about his 
work as Pope, was of another opinion. TLvery one 
knows how he compared himself to a child who had 
picked up a few shells on the shore, while the ocean 
Of truth lay unexplored before him. He has, however, 
6poken definitely of the great discovery which has 
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rendered his name illustrious, in terms which show that 
he did not find that all was light. Among the questions 
which he specially would have had answered, amongst 
the secrets of nature concealed beneath the ocean of 
truth, the mystery of gravity was probably the chief. 
When Newton asked of the Ocean of Truth what Mrs. 
Hemans later said, and in another sense, of the natural 
sea — 

“What hidest thou in thy treasure-caves and cells, 

Thou hollow-sounding and mysterious main ? ” 

he had in his thoughts the very power which he is 
commonly supposed to have explained, but which was 
in truth for him, more than for any man that had ever 
lived, the mystery of mysteries. 

It may be well to consider the very words of the great 
philosopher, so far at least as our more diffuse language 
can present the concise expressions of the original Latin: 

“ Hitherto we have explained,” he says, “ the pheno- 
mena of the heavens and of our sea by the power of 
gravity, but have not yet assigned the cause of this 
power . This is certain 11 (we must hearken attentively 
here, for when a man like Newton speaks of aught as 
certain, we have sure ground to go upon), — “ this is cer- 
tain, that it must proceed from a cause that penetrates 
to the very centres of the sun and planets, without suffer- 
ing the least diminution of its forces ; that operates, not 
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according to the quantity of surfaces of particles on 
which it acts (as mechanical causes usually do), but 
according to the quantity of the solid matter which they 
contain, and propagates its virtue on all sides to immense 
distances, decreasing always as the squares of the dis- 
tances. Gravitation towards the sun is made up of the 
gravitations towards the several particles of which the 
body of the sun is composed, and in receding from the 
sun decreases accurately as the square of the distances 
as far as the path of Saturn . . . . , nay, and even to 
the remotest parts of the paths of comets .... But 
hitherto I have not been able to discover the cause of 
those properties of gravity from phenomena; and I 
frame no hypotheses : * for, whatever is not deduced 
from phenomena is to be called an hypothesis; and 

* The words of 'Newton, “Hypotheses non ftngo,” have heen 
often quoted in such sort as to give an entirely incorrect idea of his 
real opinion as to the relation between theoretical and practical 
science. As too commonly understood, they would, in fact, make 
his discovery of gravitation a great exception to his own rule. They 
must be taken in connection with his definition of a hypothesis , as 
u whatsoever is not deduced from phenomena.” It is a part of true 
science, nay , it is the highest office of the student of science to 
deduce theories from phenomena. Such research stands as high 
above the simple observation of phenomena as architecture stands 
above brick-making or stone- cutting. But to frame hypotheses as 
the old Greeks did, trusting to the power of the wndersX.aw^vag vn- 
dependently of the observation of phenomena, is to make bricks 
without straw and to build with them upon the sand. 
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hypotheses, whether metaphysical or physical, whether 
of occult qualities or mechanical, have no place in ex- 
perimental philosophy. ... To us it is enough that 
gravity does really exist, and act according to the laws 
which we have explained, and abundantly serves to 
account for all the motions of the celestial bodies and of 
our sea.” 

“ Hitherto I have not been able to discover the cause 
of the properties of gravity.” Such is the simple state 
ment of the man who discovered those properties. 

And now let us inquire a little into this law of gravity, 
not with the hope of explaining this great mystery of 
nature, — though, for my own part, I believe that the 
time is not far distant when the progress of discovery 
will enable man to make this approach towards the mys- 
tery of mysteries, — but in order to recognise the real 
nature of the mystery, which is a very different thing 
from explaining it. 

In the first place the study of gravity brings us at once 
to the consideration of the infinitely minute, — at least of 
what is for us practically infinite in its minuteness. If 
we consider the above quotation attentively, we perceive 
that this quality of gravity was recognised by Newton. 
“ It is not the quantity of the surfaces of particles ,” he 
says, “ but the quantity of solid matter which they con- 
tain,” that gives to gravity its power. Gravity resides in 
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the ultimate particles of matter. We cannot conceive of 
matter so divided, no matter how finely, that non-gravi- 
tating particles could be separated from gravitating par- 
ticles. Without entering into the question what atoms 
are, we perceive that these ultimate constituents of 
matter must contain, each according to the quantity of 
matter in it, the gravitating energy. Only, observe how 
incongruously we are compelled to speak. (It is always 
so when we deal with the infinite, whether the infinitely 
great or the infinitely minute.) We are speaking of 
atoms as the ultimate constituents of matter, and yet we 
are compelled, in describing their gravitating energy, to 
speak of the quantity of matter contained in each atom, 
— in other words, we speak in the same breath of an 
atom as not admitting of being divided or diminished, 
and of its containing matter by quantity, that is, by more 
or less. May we not, however, reasonably accept both 
views? The reasoning is sound by which science has 
proved that, so far as our material universe is concerned, 
there is a limit beyond which the division of matter can. 
not be supposed to go, — insomuch that Sir W. Thomson 
has indicated the actual limits of size of the atoms com- 
posing matter. Yet, passing in imagination beyond the 
bounds of our visible universe, and so entering into the 
next order of universe below it (in scale of construction), 
— the ether of space, — the atoms of our universe may be 
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infinitely divisible in that universe, may be, in fact, com- 
pared with its particles, as the suns and worlds of our 
universe are to our atoms and molecules. 

But while gravity thus draws us to the contemplation 
of the infinitely minute, it also leads us to the considera- 
tion of what is for us the infinitely vast. 

Newton was only able to speak confidently of the 
action of gravity at the distance of Saturn, the remotest 
planet known in his day. He did, indeed, refer to the 
comets as probably obeying, even in the remotest parts 
of their paths, the force of the sun’s gravity; but he 
could not be certain on that point, because in his time 
no comet had been proved to travel back to the sun 
after receding to the remotest portion of its track. We 
now know not only that the sun’s attraction extends to 
the farthest parts of the solar system, having thus a 
domain in space nearly thirty times larger than the 
sphere of Saturn, but we perceive that many among the 
stars exert a similar force ; for around them travel other 
stars even as the planets travel around the sun. Thus 
we know that gravity is exerted in regions lying hundreds 
of thousands of times farther from the sun than Saturn 
is. We have, indeed, every reason to believe, not only 
that star unto star extendeth this mysterious attractive 
influence, but that the least particle in the inmost depths 
of sun or world exerts in full force on each particle, even 
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of suns lying millions of times beyond the range of the 
most powerful telescope yet constructed by man, the full 
energy corresponding (i.) to the quantity of matter in 
itself and such particle, and (ii.) to the distance separat- 
ing each from each. 

This is amazing enough; but there is something 
more perplexing and mysterious in gravity even than 
this. Not only does gravity lead us to consider the 
infinitely minute in space on the one hand, and the 
infinitely vast in space on the other, but also it leads us 
to consider the infinitely minute and the infinitely vast in 
time also, and this in such a way as to suggest a diffi- 
culty which, as yet, no man has been able to solve. 

Light travels, as we know, with a velocity so enormous, 
that, by comparison with it, all the velocities we are 
familiar with seem absolutely as rest. But gravity acts 
so quickly that even the velocity of light becomes as rest 
by comparison with the velocity of the propagation of 
gravity. Laplace had occasion, now nearly a century 
ago, to inquire whether a certain change in the moon’s 
motion, by which she seemed to be gradually hastening 
her motion round the earth, might not be caused by the 
circumstance that gravity requires time for its action to 
Le propagated over great distances. He found that if 
the whole of that change had to be explained in this 
way, which would be giving to gravity the slowest admis- 
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sible rate of transmission, the velocity with which gravity 
is propagated would be eight million times greater than 
the velocity of light. If, on the other hand, that change 
in the moon’s motion could be satisfactorily explained in 
some other way, then the velocity of gravity must be at 
least 16,000,000 times greater than the velocity of light. 
He himself soon after discovered what was in his day 
regarded as a complete explanation of the hastening of 
the moon’s motion ; and though in our own time Adams 
of Cambridge has shewn that only half the hastening 
can be accounted for by Laplace’s reasoning, the general 
explanation of the remaining half is that it is not a real 
hastening of the moon, but is only an apparent hastening 
caused by the gradual slowing of the earth’s rate of 
turning on her axis. This makes the day by which we 
measure the moon’s motion seem longer (very slightly, 
however).* Supposing, however, half the moon's hasten- 
ing were left unexplained, and that the non-instantaneous 
transmission of gravity were the only way of accounting 
for it, even then it would be certain that gravity is pro- 
pagated at a rate exceeding 1 2,000,000 times the velocity 
of light. 

Indeed, at present, owing to the more exact observa- 

* The point is explained in a paper called “Our Chief Timepiece 
Losing Time,” in the first series of my “Light Science for Leisure 
Hours.” 
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tions available, and the greater range of time over which 
they extend, it may safely be said that the rate of propa- 
gation of gravity is far greater than this. It is even held 
by some that gravity acts instantaneously over any dis* 
tance, however vast. 

Although I cannot here indicate the exact nature of 
the reasoning by which the enormous rapidity of the 
action of gravity is inferred, I must briefly indicate the 
general argument, that the reader may not suppose the 
matter to be merely speculative. Suppose that the action 
of gravity were propagated at the same rate as light. 



Fi:. C. 


Then the earth would feel the pull of the sun eight 
minutes or so after she had been in the place where the 
sun began to exert that particular pull. The direction 
of the pull then would not be that of the straight line 
connecting the earth and sun at the moment when the 
pull was felt, but that of the straight line connecting the 
tun and the earth eight minutes or so before. For in- 
stance, when the earth is at E,, fig. 6, the sun at S would 
begin to exert a pull in the line Ei S, but the earth would 
only feel this pull when she got to E*, her place eight 
minutes later, when it would act upon her in the direc- 
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tion E, F, parallel to E, S. Now this pull, E* F, may be 
divided into two parts, one along E a S, pulling the earth 
towards the sun S, the other along E 2 T in the earth’s 
course, ha storing her therefore . But the maintenance 
by the earth of the same constant track depends entirely 
on the action of gravity sunwards. If there is any action 
in addition, hastening the earth, then she will not keep 
her course,''" but will travel in a constantly widening path# 
— or, in a sort of spiral, very slowly retreating from the 
sun, but retreating constantly. The change of distance 
would not be measurable in millions of years ; but the 
increase in the length of the year would, before long, be 
observable. Because there is no such increase, astro- 
nomers feel well assured that gravity is not only propa- 
gated more swiftly than light, but many times, even, as 
we have seen, many millions of times, more swiftly. 

It is then in an infinitely minute time that the action 
of gravity traverses all ordinary distances. The earth’s 


* In the popular, but incorrect way of speaking, the balance 
between the centrifugal and the centripetal force will no longer be 
maintained : the increase of velocity will give the centrifugal force 
the advantage, and it will slowly draw the body away from the 
centre. In reality there is no centrifugal force , the only force acting 
on the earth in her course round the sun being the sun's attraction 
upon her, which, however, must keep bending her course from the 
straight line, if she is to maintain her distance. In the case above 
imagined it would not bend her course actively enough. 
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pull on the moon takes less than the 50,000,000th part 
of a second in reaching the moon, — and the particles 
constituting the mass of the earth act on ourselves, and 
on all the objects which lie near the earth’s surface, in 
far less than the 10, 000, oooth part even of this utterly 
minute time-interval. 

Yet age after age has passed during which this 
infinitely active force has been at work without dimi- 
nution, and age after age will continue to pass without 
any change in its activity. For millions of millions 
of aeons it has lasted and will last, so permanent is 
it; while its operation is felt simultaneously at points 
millions of millions of star-distances apart. What 
infinities of distance has this wonderful attractive 
force traversed ! 

But even these considerations do not present the 
greatest of the marvels of gravity. It is wonderful, in- 
deed, to consider a form of attraction possessed by the 
infinitely minute, and exerted over the infinitely vast, 
operating in portions of time immeasurably small, and 
extending its operations throughout time infinite. But 
the mystery of mysteries is not here. The marvel of 
marvels is this, that, so far as we can perceive, the force 
of gravity is exerted without any material connection 
with the objects moved by it. Matter seems to act 
where it is not, to use the phraseology of the schools 
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Of this “ action at a distance,” Newton himself said, that 
it is inconceivable, that in point of fact it is impossible. 
“No man,” he said, “ who has, in philosophical matters, 
a competent faculty of thinking,” can “for a moment 
believe that a body can act through a vacuum, without 
the intervention of anything else by or through which the 
force may be conveyed from one body to another.” Yet 
this is precisely what gravity seems to do. The ether 
occupies, indeed, all space; but there is nothing at 
present known to us by which we can understand how 
the either can transmit the force of gravity. The power 
of the ether in the rapid transmission of undulations 
seems to attain its limit in the propagation of light and 
heat and electricity at the rate of nearly 200,000 miles 
per second. How the ether can act so as to serve as a 
medium of communication between bodies at all dis- 
tances, transmitting impressions 10,000,000 times faster, 
at least, than light travels, nothing at present known to 
us enables us to say. 1 have, in a lecture which I gave 
in America upon the mysteries of the universe, indicated 
a way in which gravity maybe conceived to be generated 
and transmitted ; and I may hereafter describe the con- 
ception (based partly on the views of i,e Sage). But it 
is only a conception. There is no phenomenon (except 
the very form of attraction which has to be explained) 
tending to show that the conception is correct And 
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even if it be accepted, it brings us face to face with 
only greater marvels. 

At present, however, let this simply be said in con- 
clusion — that the apparent action of gravity at a distance 
is, of all physical wonders, the greatest yet known to 
man. If we accept the opinion of Newton, which, in- 
deed, seems to me indisputable, that matter cannot act 
through a vacuum, then we must admit the existence of 
properties, as yet unthought of, in the ether of space, or 
in some still more subtle universe permeating that ether. 
If, on the other hand, we accept the belief that matter 
can act at a distance, then is there no miracle, either of 
those believed in by mankind generally, or of those more 
generally rejected, which exceeds in marvellousness this 
wonder of all the wonders of physical science. 
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THE END OF MANY WORLDS. 

SIGN has recently appeared in the heavens 
which has been interpreted in a way sug- 
gesting that many worlds like our own have 
undergone a terrible catastrophe, every living creature 
upon them being consumed as by fire. I propose briefly 
to consider some of the thoughts suggested by this 
strange event. 

It is difficult when we look at the star-lit heavens, 
suggestive as they are of solemn peace, to conceive 
the stupendous energy, the fierce uproar and tumult, 
of which even the faintest visible star in reality tells 
us. Pythagoras spoke of the harmony of the celestial 
spheres, which we are only prevented from hearing by 
its continuity. “ There’s not the smallest orb which thou 
beholdest,” said the science of the middle ages, 
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But in his motion like an angel sings, 

Still quiring to the young-eyed cherubim.” 

The science of our own time tells us a still stranger story. 
There’s not the smallest orb which thou beholdest, she 
says, but in his motion throbs like a mighty heart, still 
pulsating life to the worlds which circle round it. But 
while our powers of vision are limited to the narrow 
range of our present telescopes, we cannot watch the 
action of these great centres of energy, nor can we 
hope that the uproar of those remote fires will ever 
reach mortal ears, though to the mind’s ear clear and 
distinct. It is no longer a mere fancy that each star is a 
sun. Science has made this an assured fact, which no 
astronomer thinks of doubting. We know that in certain 
general respects each star resembles our sun. Each is 
glowing like our sun with an intense heat. Around 
each, as around our sun, are the vapours of many 
elements. In each the fires are maintained, as they 
are maintained in our sun, in some way which may be 
partly mechanical, partly chemical, but which certainly 
does not in the least resemble combustion. We know 
that in each star processes resembling in violence those 
taking place in our own sun must be continually in 
progress, and that such processes must be accom- 
panied by a noise and tumult compared with which 
all the forms of uproar known upon our earth are as 
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absolute silence. The crash of the thunderbolt, the 
bellowing of the volcano, the awful groaning of the 
earthquake, the roar of the hurricane, the reverberat- 
ing peals of loudest thunder, any of these, or all 
combined, are as nothing compared with the tumult 
raging over every square mile, every square yard, of 
the surface of each one among the stars. 

If we remember this when we hear of stars varying in 
brightness, we shall perceive that the least change which 
could be recognised from our remote stand-point must 
represent an accession or falling off of energy correspond- 
ing to far more than all the energies existing on our 
earth, or indeed on all the members of the solar system 
taken together. Astronomers recognise our sun as in 
one sense a variable star; for we can hardly suppose 
that he shines with the same degree of brilliancy when 
many spots mark his surface as when he is quite free 
from spots ; and astronomers know that these changes in 
the sun’s condition correspond to wonderful changes 
in his activity. When spots arc most numerous, the 
coloured flames rage with fierce energy over his whole 
globe, metallic vapours are shot forth from below his 
visible surface with velocities of many miles per second. 
Whereas, when he has no spots, the coloured flames sink 
down from their former height of tens of thousands of 
miles, till they are but a few thousand miles in height ; 
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while metallic vapours are seldom emitted, and never 
to the same height, or with the same velocity, as when 
the spots are most numerous. But though the sun thus 
varies in condition, and probably in his total brightness, 
we cannot suppose that such variations could be recog- 
nised from the distance of even the nearest among the 
fixed stars. What, then, must be the nature of changes 
taking place in a star, that we, at our enormous dist- 
ance, should be able to recognise them ! We may well 
believe that the entire aspect of such a star must be 
changed to the inhabitants, if such there are, of worlds 
circling around them. 

If, however, the changes taking place in stars, whose 
variations of brightness can just be recognised, must be 
amazing, how stupendous must be the changes affecting 
a star which alternates from brightness to invisibility, 
like Mira, the Star Wonderful, in the constellation of 
the Whale ! how destructive those affecting a star like 
Eta, ot the ship Argo, which has varied from the fourth 
magnitude to a lustre nearly equalling that of Sirius, and 
thence to the lowest limit of visibility, in the course of 
the last hundred years ! 

Even these changes, however, though justly regarded 
as among the chief wonders and mysteries of the star- 
depths, seem in turn to sink into nothingness by com- 
parison with the sudden appearance of a new star, as 
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interpreted by modern scientific observations. Of old, 
when a new star appeared, it was thought for awhile to 
be a fresh creation ; a new sun set in the centre of a new 
system of worlds, — a thought which was not then so 
startling as in our own times it would be reckoned. 
When the new star was seen slowly to die out until at 
last it became invisible, men were content to regard it as 
a sign set in the heavens for a special purpose. Nor did 
they find much difficulty in associating such a phenome- 
non with some event of importance occurring during 
its continuance, or soon after the new star had died out. 
Such were the explanations offered respecting the ex- 
ceedingly bright star which made its appearance in the 
constellation Cassiopeia in the year 1572. The place 
in which it appeared is shown in fig. 7. It must have 
sprung into its full glory in a very short time, for Tycho 
Brah£, the celebrated astronomer, tells us that, returning 
on November 1, 1572, from his laboratory to his dwelling- 
house, he saw the new star, which he was certain had not 
been visible an hour before, shining more brightly than 
any before seen. It surpassed all the stars in the heavens 
in brilliancy, and even Jupiter when that planet is at its 
brightest. Only Venus at her brightest was superior to 
the new star. For three weeks it shone with full lustre, 
after which it began slowly to decline. Being situated 
in a part of the heavens always above the horizon (for 
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European observatories), the star’s entire history could 
be followed. It remained for sixteen months steadfast 
•n its position like the other stars. As it decreased in 
size it varied in colour. “ At first,” says an old writei, 
w its light was white and extremely bright ; it then be- 
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Vig. 7.— Cassiopeia ; showing where a new star appeared in the year 1372. 


^ame yellowish ; afterwards of a ruddy colour like 
Mars ; and finished with a pale, livid white, resembling 
the colour of Saturn.” 

In passing it may be remarked that there are reasons 
for expecting the return of Tycho Brahd's star in the 
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course of a few years. For other new stars kave been 
recorded as seen in the same part of the heavens in the 
years 945 and 1264, and though the interval from 945 
to 1264 (or 319 years) exceeds by n years the interval 
from 1264 to 1572 (or 308 years), yet the difference is 
but small by comparison with either entire interval ; 
and we may not unreasonably believe that the three new 
stars seen in Cassiopeia have been only three apparitions 
of one and the same star, which shines out, with superior 
lustre, for a few months, once in a period averaging 
about 313 years. It seems to me not at all unlikely that, 
some time during the next twenty years, astronomers 
will have an opportunity of examining, with the tele- 
scope and spectroscope, a star which last appeared before 
either instrument had been invented. 

Already facts are known respecting the so-called new 
stars which will not permit us to accept the explanations 
of old so readily offered and admitted, simply because so 
little was certainly known. 

In the year 1 866 a star appeared suddenly in the 
constellation of the Northern Crown, where no star had 
before been visible to the naked eye. It was a little 
below the arc of stars forming the celestial coronet.* 

# Its place is indicated in my School Atlas, as well as (of course) 
in my Library Atlas, from the latter of which the small maps illus- 
rating the present article have been pricked off. The new star is 
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It shone as a second magnitude star when first seen, but 
very rapidly diminished in lustre. It increased our 
knowledge in two important respects. 

First, on examining Argelandcr’s charts of the northern 
heavens, the new star was found to have been observed 
and charted as a tenth magnitude star, that is, four 
magnitudes below the lowest limit of naked eye vision. 
It was not, then, a new sun, though it might still truly 
be called a new star, in this sense, that it was a new 
member of the set of stars which adorn our skies as seen 
by ordinary vision. 

In the second place, the star was subject to the 
searching scrutiny of spectroscopic analysis, with results 
of a most interesting character. 

The reader is no doubt aware that when the light of 
a star is analysed into its component colours by the 
instrument called the spectroscope, it is found that all 
the colours of the rainbow are present, as in the case of 
solar light, but (also in the sun’s case) not all the tints of 
these colours. Certain dark lines athwart the rainbow- 
tinted streak, called the spectrum of the star, indicate the 

marked T in the Crown (Map VIII.), and must not be confounded 
with the star r, as in Roscoe’s Treatise on Spectral Analysis, and 
in some astronomical works. The star r is a well known fifth 
magnitude star, which has shone with no perceptible increase or 
diminution of splendour since Bayer’s time certainly, and probably 
for thousands of years before. 
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presence of absorbing vapours in the star’s atmosphere. 
This general statement is true of every fixed star, though 
the dark lines of some stars differ in number and position 
from the dark lines of others, showing that other absorb- 
ing vapours are present. In the case of the new star in 
the Crown, the usual stellar spectrum was shewn, — a 
rainbow-tinted streak crossed by a number of dark lines. 
But besides these, there were seen four very blight lines, 
— lines so bright that the rainbow-tinted streak appeared 
as a dark background. The meaning of this is well 
understood by spectrosgopists. It signifies that besides 
the vapours which, being cooler than the star, absorbed 
a portion of its light, and produced the dark lines, some 
vapours were present in the star’s atmosphere which 
were a great deal hotter than the star, and so produced 
bright lines. Now two of the lines corresponded in 
position with two of the well known lines of the gas 
hydrogen, showing that this was one of the gases which 
had been raised to an unusual degree of heat. 

It was inferred \:»at there had been some tremendous 
disturbance in that remote star, by which the hydrogen 
and some other vapours present in its atmosphere had 
been intensely heated. But astronomers were unable to 
decide whether the disturbance was of the nature of a 
conflagration, the hydrogen actually burning, or whether 
the heat was occasioned in some other way, as by the 
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downfall of some immense mass upon that remote sun. 
For burning hydrogen and glowing hydrogen, though 
either could give the observed bright lines, are very 
different things. In the former case a chemical change 
is taking place, as in the case of burning wood or coal ; 
the latter case resembles that of redhot iron, which is 
not burning itself (not changing into a different form as 
everything does which burns), though it will burn other 
things, — in the ordinary, and incorrect, use of the ex- 
pression. 

The general belief was that there had been a downfall 
of matter on the star in the Crown, by which the whole 
globe of that sun had been excited to an intense degree 
of heat, especially at the surface, near which lies the 
hydrogen atmosphere of the star. 

I must leave, however, to the next part, the further 
consideration of the strange thoughts suggested by the 
outburst of this star. I wish to use the small space 
remaining at present to indicate the place where another 
new star burst forth last November, so that any readers 
of these pages who have telescopes may know where to 
look for a sun which is now dying out, but was shining 
a few weeks ago as a third magnitude star. Fig. 8 
presents a portion of the well-known constellation 
Cygnus or the Swam Any star atlas wfll indicate the 
place of the lettered stars shown in the figure. The 

5 
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constellation itself does not show at all well at this 
season of the year.* The part shown in the figure is 
close to the horizon, and directly under the pole-star, at 
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Fig. 8.— Part of Cygnus, showing the place of new star (November 24, 1876). 


about half-past ten in the middle of February; but a 
little higher up, between north and north-east, at mid- 

* This chapter was first published in February, 1877, when the 
Star was already invisible to the naked eye. 
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night. Professor Schmidt, of the Athens Observatory, 
noticed a new star, in the place shown, on November 
24th last. It must have shone out suddenly, for 
Schmidt had been observing in that region on the night 
of November 22nd (the last preceding clear night). It 
has since gradually faded, until now a small telescope is 
required to show it, shining as a seventh magnitude star, 
with a well-marked orange tint. 

We have now to consider the history of this star, and 
discuss the general questions suggested by the sudden 
blazing out of suns which had for many years, and 
probably for many centuries, shone continuously with a 
far feebler lustre. It is clear that we have good reason 
to be interested in these questions, seeing that, for 
aught we know, our sun may be one of those exposed 
to sudden great increase of lustre. 

It seems certain, in the first place, that this star leapt 
very suddenly to its full splendour. Schmidj; had been 
observing the same regions of the heavens only two 
evenings before, and is sure the star was not then 
shining visibly to the naked eye. Again, astronomy 
is now studied by so many persons, and so many more 
who are not students of astronomy are now well ac- 
quainted with the constellations, that it is very diffi- 
cult for a new star to shine many hours without being 
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detected For example, the new star in the Crown, 
which appeared in May, 1866, though not so well 
placed for observation, was detected by many observers 
at widely distant stations within a few hours of each 
other. It is probable that the star acquired its full 
lustre in a few hours at the utmost, and quite possible 
that, had any one been watching the place where the 
star appeared, he would have heen able to see the star 
grow into full brightness by visible change of lustre, 
just as the lustre of a revolving light in a distant light- 
house visibly waxes and wanes. It may be, of course, 
that the increase of the star from its ordinary lustre, 
up to the stage when first it was visible to the naked 
eye, occupied many days, or even many months or 
years ; but it seems more likely that as the later stages 
of increase were rapid, so also was the entire develop- 
ment of the new lustre. In that case, if there were 
inhabited worlds circling around that remote sun, they 
had but brief warning of the fate in store for them, as 
presently to be described. 

Like the star in the northern Crown, the new star in 
Cygnus w T as subjected to the searching scrutiny of the 
spectroscope. The results, though similar in general 
respects, were even more interesting than in the case 
of the brighter new star. In the interval between 1866 
and 1876 spectroscopic analysis has developed largely. 
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It has thus become possible to analyse more completely 
the light even of faint stars than the light of bright stars 
could be analysed a decade of years since. 

The spectrum of the new star as examined by M. 
Cornu, of the Paris Observatory, showed the bright lines 
of hydrogen, indicating the presence of enormous 
quantities of glowing hydrogen, in a state of intense 
heat. But beside these bright lines, others also could 
be seen. One of these was an orange-yellow line. It 
will be understood that the faint spectrum of a star 
cannot be so readily lengthened by increasing the dis- 
persion as a bright spectrum; for with too great dis- 
persion the light fades out altogether. And though this 
is not strictly the case with the bright lines, which are 
merely thrown farther apart by dispersion, yet still it 
remains true that one cannot deal with a star spectrum 
even of bright lines as one can with the solar spectrum. 
So that M. Cornu was not able to determine whether 
the orange-yellow line belonged to sodium, or to 
that other substance, whatever it may be, which pro- 
duces the orange-yellow line seen in the spectrum of 
a solar prominence.* Another 'bright line, green in 

* It will be remembered by those familiar with the history of 
solar observation, that when the spectrum of the solar prominence 
was first observed, the orange-yellow bright line was supposed to 
be the well-known double sodium line. It i? so near to this pair 
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colour, agreed in position with a triple line belonging 
to the metal magnesium. Lastly, a bright yellowish- 
green line was seen, which is known to be present in 
the spectrum of the sun’s corona and of the low-lying 
ruddy matter round the sun, called the sierra by some, 
and by others (apparently unfamiliar with the Greek 
language) the chromosphere. 

Now all this agrees very well with what had been 
noticed in the case of the star in the Northern Crown. 
For, unquestionably, if a sun increases so much in heat 
and lustre that the hydrogen outside it glows more 
brightly than the body of the star, then other matter 
oid side that sun might also be expected to share the 
great increase of heat. We see that, outside our own 
sun, hydrogen, a certain unknown vapour of an orange 
yellow colour, magnesium, and another unknown vapour 
of greenish-yellow colour are present in enormous 
quantities ; and it seems, therefore, reasonable to be- 
lieve that other suns have these gases extending far out- 
side the rest of their substance. It is certain that, if 
our sun were caused to glow with far more than its 
present degree of heat, the gases whose increase of 
brightness would be most discernible from a distant 


of lines, that while they are called D i and D 2, it has been called 
D 3 ; and in a spectroscope of small dispersive power the three 
would be seen as one. 
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station (as a world circling around some remote star) 
would be just those gases which were glowing so re- 
splendency around the star in Cygnus last November — 
or rather at the time when that light which reached 
us last November set out from the remote star in the 
Swan. 

When we view the outburst of that remote sun 
in this way the thoughts suggested are not altogether 
satisfactory. That sun shows far too much resem- 
blance to our own, and behaved, so far as can be 
judged, far too much as our own sun would behave if 
roused to many times its present degree of heat and 
splendour. When we hear of a railway accident it is 
a matter of special interest to us (if we travel much) 
to learn whether the conditions under which the 
accident took place resembled those under which the 
trains proceed by which we chiefly travel. When an 
express train suffers in such a way as to show some 
special danger arising from great velocity, we find our- 
selves to some degree concerned personally in the in- 
vestigation which follows, if we travel generally by quick 
trains. If a bridge breaks down, and we have often 
to traverse bridges in railway journeying, we are simi- 
larly concerned, especially if any of the bridges we have 
to cross resemble in structure the one which has given 
way. So also of many other special forms of danger 



72 


THE END OF MANY WORLDS. 


in railway travelling. Now, on the same principle, 
we cannot but regard with considerable interest the 
circumstance that, apparently, a catastrophe has taken 
place in the star in Cygnus, which has not only affected 
a sun resembling our own very closely in constitution, 
but has produced effects very closely corresponding to 
those which would affect our own sun if, through any 
cause, he were excited to many times his present degree 
of heat. 

Let us pause a little to reflect upon the effects which 
would follow a great increase of the sun’s lustre. A 
change in our own sun, such as affected the star in 
Cygnus, or that other star in the Northern Crown, would 
unquestionably destroy every living creature on the face 
of this earth ; nor could any even escape which may exist 
on the other planets of the solar system. The star in the 
Northern Crown shone out with more than 800 times 
its former lustre : the star in Cygnus with from 500 to 
many thousand times its former lustre, according as we 
take the highest possible estimate of its brightness before 
the catastrophe, or consider that it may have been very 
much fainter. Now, if our sun were to increase tenfold in 
brightness, all the higher forms of animal life and nearly 
all vegetable life would inevitably be destroyed on this 
earth. A few stubborn animalcules might survive, and, 
possibly, a few of the lowest forms of vegetation, but 
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naught else. If the sun increased a hundredfold in 
lustre his heat would doubtless sterilise the whole earth. 
The same would happen in other planets. The heat 
falling on the remotest members of the solar system 
would not, indeed, be excessive according to our concep- 
tions. But if we regard Neptune, Uranus, Saturn, and 
Jupiter as the abode of life (which, for my own part, I 
consider altogether improbable), we cannot but suppose 
the orders of living creatures in each of these planets to 
be well fitted to exist under the conditions subsisting 
around them. If this is so — as who can for a moment 
doubt ? — a sudden enormous increase in the sun’s heat, 
though not making the supply received by those planets 
much greater than, or even equal to, the supply which 
we receive from the sun, would prove as fatal to living 
creatures there as to living creatures on our earth. .. 

If, then, the sun increased in splendour as the stars 
have increased which the astronomers call new stars or 
temporary stars, there would be an end of life upon this 
earth; and nothing short of either the spontaneous 
development of life, or of the creation of various forms 
of life, could people our earth afresh. Science knows 
nothing of spontaneous generation, and believers in reve- 
lation reject the doctrine. Science knows nothing of 
the creation of living forms, but believers in revelation 
accept the doctrine. Certain it is that if our sun ever 
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undergoes the baptism of fire which has affected some few 
among his brother suns, one or other of these processes 
(if creation can be called a process) must come into 
operation, or else our earth and her companion worlds 
would for ever after remain absolutely devoid of life. 

But if our sun, without suffering so great a change, 
underwent a change of less degree, it might well happen 
that though there would be enormous destruction of life 
upon the earth and other planets, some life (presumably 
the strongest and best) would survive. In that case, 
after a long period of time, the earth would again be well 
peopled, and it might even be that the various races of 
terrestrial creatures would be improved, by the desolation 
which the great solar conflagration had wrought. 

It is somewhat curious, considering how little there is 
in the ordinary progress of events to suggest the idea, 
that most of the ancient systems of cosmogony recognised 
the periodical destruction of living creatures on the earth 
by fire as well as by water. Each form of destruction was 
supposed to be brought about by planetary influences. 
The Ecpyrosis, or destruction by fire, was effected when 
all the planets were in conjunction with Cancer; the 
Cataclysm, or destruction by flood, when all the planets 
were in conjunction with Capricorn. Each form of de- 
struction was supposed also to purify the human race. 
“Towards the termination of each era,” writes Lyell, 
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speaking of these old ideas, “ the gods could no longer 
bear with the wickedness of men, and a shock of the 
elements or a deluge overwhelmed them; after which 
calamity Astrea again descended on the earth, to renew 
the golden age.” The Greeks undoubtedly borrowed all 
such doctrines from the Egyptians, who “ believed the 
world to be subject to occasional conflagrations and 
deluges, whereby the gods arrested the career of human 
wickedness, and purified the earth from guilt. After 
each regeneration mankind was in a state of virtue and 
happiness, from which they gradually degenerated again 
into vice and immorality.” 

Considering that we have every reason to believe the 
records of great floods to relate to events which actually 
occurred, however imperfectly remembered, it seems not 
unreasonable to believe that the tradition of great heats 
had its origin in observed phenomena. As neither or- 
dinary conflagrations nor volcanic outbursts would have 
suggested traditions of the kind, it would seem not im- 
possible that at certain times our sun may have acquired 
for a time unusual lustre and heat, causing great and 
widely spread destruction among all forms of animal and 
vegetable life. 

This idea may possibly seem to many, especially at 
a first view, too wild to be entertained for a moment. 
Our sun shines, so far as appears to ordinary observation, 
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with steadfast lustre from year to year, and also from age 
to age. If an occasional hot season suggests for a while 
to some that the sun has grown hotter, or a cool season 
that he has grown cooler, the restoration of cool or 
warmer weather, as the case may be, causes the thought 
to be quickly cast on one side that a change of either 
kind has taken place. Again, if we examine the historical 
records of past ages, we find little to suggest the idea, or 
even the possibility, that the sun in former times shone 
with greater splendour or with less than at present. The 
men of those days were formed like the men of our own 
day, and could not have supported any much greater de- 
gree of heat or of cold than men can support at present. 
Any sudden accession (or diminution) of solar light and 
heat, such as we are considering, would certainly have 
attracted marked attention, and have been recorded for 
the benefit of future ages. The geologic record , again, 
does, indeed, suggest variations in the sun’s emission of 
heat as constituting one among the few available ex- 
planations ©f the existence of tropical forms of life in 
certain strata and of arctic forms in other strata. But 
even if this explanation be the true one, which is by no 
means established, such variations must of necessity have 
been slow, the condition of increased heat continuing for 
many ages in succession, and the like with the condition 
of diminished heat. We have no evidence, historical or 



THE END OF MANY WORLDS. 


77 


geological, of the occurrence of any sudden accession 
of solar heat, followed by a quick return to the normal 
temperature, unless we find such evidence in the tradition 
prevalent among Egyptian, Indian, and Chinese cosmo- 
gonists, that at certain recurring epochs in the past our 
earth has undergone destruction and renovation by fire. 

Yet, as I shall now show, it appears that the one only 
natural interpretation which can be given of the outburst 
of a new or temporary sun indicates an event which might 
happen to our own sun, and an event which if it happened 
at all would happen periodically. Moreover, while it will 
appear that there is no reason for fearing the possible 
occurrence (which would, in such case, be really the 
recurrence) of such a catastrophe in the case of our own 
sun as has affected the stars in the Crown and in Cygnus, 
there is no reason for rejecting as incredible the idea that 
catastrophes very serious in their character may have 
affected our sun ; and there is abundant reason for 
believing that small alterations in the sun’s total emis- 
sion of light and heat take place very often, in some cases 
periodically; in others — so far as we can yet judge— 
periodically. 

Lastly, it will be seen that there is always a possibility 
that our own or any other sun may undergo precisely 
such a change as the stars in Cygnus and the Northern 
Crown. Some indeed, even among men of science 
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(as the Abb£ Moigno, for example) believe that it wag 
an event of this sort which St. Peter predicted when 
he wrote, that as the old world, being overflowed with 
water, perished, so “ the heavens and the earth which 
are now, by the same word are kept in store, reserved 
unto fire.” According to that view, the day of destruc- 
tion will come “ as a thief in the night ; in the which 
the heavens shall pass away with a great noise, and the 
elements shall melt with fervent heat, the earth also, and 
the works that are therein shall be burned up.” 

Let us consider how the sudden brightness of a new 
star may be explained. 

I must confess that for my own part I do not attach 
much weight to the suggestion once made by Mr. 
Iluggins, that an actual conflagration had taken place 
in the case of the new star in the Northern Crown. It 
does not seem to me that any process of mere burning 
could account for the enormous accession of light and 
heat which that sun undenvent. 

Consider the case of our own sun. His heat is very 
far beyond that which would be given out by any matter 
known to. us undergoing any known process of true com- 
bustion. That is to say, if a mass as large as the sun of 
any known substance were caused to burn, under any 
conditions we can imagine, the momentary emission of 
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heat by that mass would be very much less than the 
momentary emission of heat by the sun. 

Now it is quite conceivable that by some great 
accession of combustible matter, some supply of fuel 
exceeding many times his entire mass, the sun’s entire 
emission of heat might be very largely increased. But 
though such an idea is conceivable, it seems altogether 
far-fetched. The conception is, in fact, inadmissible as 
an explanation of the increase of heat of a temporary 
star, not because of the improbability of the sudden 
accession of so enormous a quantity of matter (though 
that improbability is very great), but because if so enor- 
mous a quantity of matter fell upon the sun, many times 
as much heat would be generated by the mechanical 
effect of the impact as by the combustion of the freshly 
received matter. So that even with the daring assump- 
tion here made, combustion would account for only a 
small portion of the increase of light and heat. 

Huggins’ idea was indeed somewhat different He 
supposed that in consequence of some great internal 
convulsion of the sun in the Northern Crown a large 
volume of hydrogen and other gases was evolved from 
the interior, the hydrogen then by burning giving out 
the light corresponding to the bright lines. At the same 
time, the mass of the sun would be intensely heated by 
the surrounding mass of glowing hydrogen. When the 
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liberation of gas from the interior ceased the flame 
would die out, and the sun’s surface would gradually 
cool But if we judge by the case of our own sun, the 
heat of the burning hydrogen would be nothing near 
so great as the heat of the glowing hydrogen already 
outside and within the visible globe of a sun. 

On the whole it seems altogether more probable that 
the accession of splendour observed in the case of tem- 
porary stars is due to the downfall of enormous masses 
of matter upon the surface of these suns. It is, no 
doubt, well known to most of my readers that the down- 
fall of meteoric matter upon the surface of our own sun 
has been considered a sufficient explanation of the sun’s 
entire emission of light and heat. The theory that the 
sun’s heat and light arc thus excited has long since 
been abandoned; but not because the cause would be 
insufficient. It has been abundantly proved that a 
downfall of meteors, not sufficient in quantity to add 
appreciably to the sun’s size in many thousands of years, 
would generate more heat and light than he emits in 
that time. The meteoric theory has been abandoned 
simply because it has been shown that no such down- 
fall is taking place. 

The reason why meteoric impact would suffice to 
warm the sun to his present temperature if the meteoric 
showers were heavy, and to warm him far beyond his 
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present temperature if for a few days very heavy meteoric 
showers fell upon him, is simply that his attraction upon 
matter approaching him from without is capable of 
generating a tremendous velocity. We know that when 
a cannon-ball strikes a metal target, with a velocity 
perhaps of some 400 yards per second, great heat is 
excited, and there is a momentary flash of light. If the 
velocity were doubled, the quantity of heat would be 
doubled also. Conceive, then, the tremendous heat 
which would be excited if a cannon-ball could be caused 
to strike a target with a velocity exceeding that just named 
some 1500 times ! The ball and target would both be 
vaporised by the shock, if — which, however, could never 
happen — the target resisted the blow and brought the 
ball to rest. Now matter which reaches the sun from 
without, under the influence of his tremendous attraction, 
strikes his globe with a velocity 1500 times greater than 
that of a cannon ball striking a target at a distance of two 
or three hundred yards. The heat excited is, therefore, 
very intense ; and if meteors were showering at all times 
and in dense flights upon the sun’s surface, we should 
require no other explanation of the sun’s heat. 

But it appears that meteoric systems are neither so 
numerous nor so rich as to account for the sun’s uniform 
emission of heat, though occasional meteoric showers 
upon the sun may be heavy enough to increase appreci- 
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ably the amount of heat he emits. It would seem, from 
experiments which have been made by Professor Piazzi 
Smyth, of the Edinburgh Observatory, and later by the 
Astronomer Royal at Greenwich, that from time to time 
the sun’s emission of heat really is greater than usual. 
It seems not at all improbable that the increase is due to 
the occasional fall of large masses of meteors in great 
numbers upon the sun. 

Again, it seems that such falls occur periodically, 
or rather that at regular intervals great meteoric 
streams pour upon the sun’s surface. For instance, 
the periodic increase and decrease in the number of 
sun-spots is accompanied (so far as we can judge by 
the observations made at Edinburgh and Greenwich) 
by an accession and diminution of the solar heat; and 
if the change is attributed to the passage of a meteoric 
stream athwart the sun, we should have to assign 
to such a stream a period of rather more than eleven 
years. This, from what we know about the association 
between meteors and comets, would correspond simply 
to the existence of a comet whose path intersects the 
sun’s globe, and w T hich is followed by a train of millions 
of large meteoric masses, many of which are consumed 
at each passage of the rich portion of the train athwart 
the globe of the sun. This comet must of necessity be 
inconspicuous, since it has hitherto escaped detection. 
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In fact, its head and nucleus must long since have been 
entirely destroyed. Only the meteoric train, far more 
widely scattered, remains, simply because at each passage 
past the sun, though many are captured, far greater 
numbers get safely past. 

I am careful to remind the reader that though I 
have, for convenience, used the indicative mood in 
describing these matters, I am in reality presenting 
merely a theory. It may be that the solar spots and 
the accessions of heat are produced in some other way. 
But I must admit I find strong reasons for regarding 
as probable the general theory, that the alternations 
of solar activity (not the solar activity itself be it 
noted) are excited from without. And since we know', 
as a matter of fact, that meteors exist in enormous 
numbers within the solar system, and that they 
aggregate with rapidly increasing density in the sun’s 
neighbourhood, w'e must believe that they fall upon the 
sun in enormous numbers. We also perceive that the 
supply cannot be uniform, but must vary greatly from 
time to time ; w r hile what we know about the periodicity 
of meteoric showers on our own earth suggests the belief, 
we may almost say the certainty, that there must be 
periodic downfalls of very heavy meteoric showers upon 
the sun’s surface. We have, then, strong probability in 
favour of the belief that events may occur which, ij 
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they occurred, might be expected, with a high degree of 
probability, to produce effects resembling those actually 
observed, — viz., the production of a heat more intense than 
usual, accompanied by signs of great disturbance like the 
sun-spots. It does, therefore, seem at least not improb- 
able that these accessions of heat and these signs of great 
disturbance really are brought about in the way supposed. 

A further argument in favour of the meteoric origin of 
solar alternations of heat is to be found in the fact that, 
on one occasion at least, a solar phenomenon, corre 
sponding precisely to what we should expect to see if 
great meteoric masses fell upon the sun, has been followed 
by precisely the same signs of terrestrial disturbance 
which accompany and follow the formation of great 
solar spots. I refer to the remarkable occurrence wit- 
nessed by Carrington and Hodgson (at different obser- 
vatories) in September, 1859, when two intensely bright 
points of light were seen travelling beside each other at 
the rate of about 120 miles per second along a short arc 
of the sun’s surface , — an arc only equal in length to some 
four-and-a-half times the diameter of our earth. 

On that occasion the emission of solar heat may or 
may not have been increased in an appreciable degree 
for several minutes. My own belief is that it must have 
been ; but we certainly have no means of proving that it 
was. What we do know certainly is, that on that day a!] 
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the phenomena which usually accompany the existence 
of many and large sun-spots showed themselves with 
exaggerated intensity. The magnetic needle was greatly 
disturbed, auroras displayed their coloured streamers in 
both hemispheres, telegraphic communication was inter- 
rupted, and everything tended to show that a disturbance 
of the same general character as that which produces 
sun-spots, but much more active while it lasted, had 
affected the sun. It seems, then, altogether reasonable 
to infer that sun-spots are due to the same cause as the 
disturbance which then occurred. So that if we con- 
clude, with most astronomers competent to form an 
opinion, that the disturbance witnessed by Carrington 
and Hodgson was due to the downfall of two very large 
meteoric masses upon the sun, it would follow that sun- 
spots are due to more wide-spread meteoric showers, not 
consisting of masses so large. 

The reader will long since have guessed, no doubt, to 
what all this tends. If the periodical variations of the 
sun’s surface are due to meteoric and cometic systems 
whose orbits intersect the sun’s globe, their periods being 
short (that is, lasting but a few years), it may well be 
that more important meteoric and cometic systems inter- 
secting the sun’s globe exist, which have much longer 
periods. When next one of these makes its passage 
athwart the sun, far more important solar disturbances 
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may take place than those which occur when the regularly 
recurring systems salute the sun. Two or three times in 
the history of science comets have approached very 
close to the surface of the sun, as in 1680, and again in 
1843, but without actually impinging upon it. Very 
slight changes in the motions of those comets, owing to 
the disturbing influences of the planets, would cause their 
very nuclei to strike the sun, and their meteoric trains 
to pour afterwards in a full stream upon him for many 
days, or even for many months and years in succession. 

Now I do not think our sun would necessarily suffer 
very much from any of these known comets. They 
may long since have parted with the greater quantity of 
their substance. But it is quite possible that even one 
of those well-known comets of the solar system might 
cause very serious outbursts of solar heat and light ; and 
it is certainly not only possible but extremely probable 
that other comets, such as have visited the solar system 
on paths fortunately not bringing them near to the sun, 
would have worked much mischief had their paths been 
differently situated. 

We know that Newton held this opinion. He con- 
sidered the real danger from comets to reside, not 
in the possibility that one might strike our earth, but 
in the possibility that one, falling upon the sun, might 
excite that orb to a degree of heat so intense that 
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all life on this earth would be destroyed. It is true 
that, in Newton’s time, physical laws were not so well 
understood as at present, and a considerable portion 
of Newton’s reasoning was consequently inexact. But 
nothing which is now known opposes itself to the belief 
which Newton adopted on this subject. On the contrary, 
whereas Newton only recognised the danger arising from 
the consumption of a comet as fuel for the sun, we now 
recognise a far more serious danger, from the force of 
meteoric impact, and the heat excited as the thermal 
equivalent of the destroyed velocities. Of this part of 
the danger Newton had no clear conception, the relations 
between mechanical energy and heat not having been 
established until quite recent times. 

It appears to me, however, that the danger in the 
case of our own sun — or may we not say our danger ? — 
arises only from the possibility that some one of the 
comets which visit us from the star-depths may make 
straight for the sun; and this danger is exceedingly 
small. Almost certainly a comet which , leaving the 
domain of another sun, falls under the attractive influence 
of our own, would approach him on a path passing 
many millions of miles from his surface. The chances 
against a more direct approach are so great that they 
may be regarded as, to all intents and purposes, over- 
whelming. A comet might vHt us from the star-depth 



88 


THE END OF MANY WORLDS. 


on a destructive course, just as a single black ball might 
be drawn at the first trial from a bag containing a million 
white balls and only that single black one. But the 
danger is exceedingly small. 

We see, indeed, that other suns have suffered in this 
way, assuming cometic downfall to be the true cause of 
stellar outbursts. There are so many millions of suns, 
however, in the region of space to which telescopic 
survey extends that the occurrence of ten or twelve such 
outbursts in the course of four or five centuries need not 
be regarded as implying any serious danger. Moreover, 
all the suns which have thus suffered lie within a par- 
ticular region of the heavens, — viz., in the Milky Way, 
and in that half of the Milky Way which is most irregu- 
lar, one may almost say ragged \ in structure. (With one 
exception — the star in the Northern Crown, which, never- 
theless, lies on a faint outlying streamer of the Milky 
Way not discernible to ordinary vision.) If then our sun 
belongs to this region of space, the danger for him and 
for us is somewhat greater than my previous argument 
would indicate. For, in that case, we must compare the 
number of outbursts, not with the total number of stars 
within telescopic range, but with the number of those 
stars which lie within this particular region of space. On 
the other hand, if our sun does not lie within that region 
of space, the danger for him and for us is very much 
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less ; for instead of a certain small number of accidents 
among his fellow suns, there have been no such accidents, 
only accidents affecting other suns which must be dif- 
ferently classed. 

The case may be compared to the estimation 
of the dangers, let us say, of travelling by ocean 
steamships on a particular route. If we take the 
total number of accidents, for instance, to steamships 
travelling between England and the United States, we 
should estimate the risk of the journey as very small, the 
number of passengers who have lost their lives being 
very small compared with the number who have made the 
journey. But even this small risk is diminished if we 
estimate the danger for a passenger by Cunard steam- 
ships, simply because no passenger has yet lost his life 
through accident to one of these Cunard vessels. 

So in the case of our sun, the danger of an outburst 
such as has affected the stars in the Northern Crown and 
Cygnus is small enough w’hen we estimate it by com- 
paring the number of such accidents w'ith the total 
number of stars, but vanishes almost into nothingness 
when we note that no insulated star like our sun 
seems hitherto to have undergone one of these tre- 
mendous catastrophes. 

But as regards the fate of worlds circling round suns 
which have suffered in this way, we can form but one 
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opinion. Beyond all doubt, if such worlds existed and 
were inhabited when their central orb blazed forth with 
many hundred times its former lustre, all life must have 
perished from their surface. We may believe, as many 
do, that no conditions are too unlike those we are 
familiar with on earth to render life impossible ; that the 
creatures subsisting in a world exposed to the most fiery 
heat or to the most intense cold are adapted as perfectly 
to the conditions under which they subsist as we are to 
the circumstances of terrestrial life. But even adopting 
this view, though it seems to accord ill with what we 
know of our own earth, — where life ceases towards the 
polar and over large tracts of the equatorial regions, — we 
could not believe that creatures thus adapted to the 
conditions prevailing around them could endure an 
entire change of those conditions. With the accessions 
of heat in the stars in Cygnus and the Crown, such 
change must inevitably have taken place. Therefore, as 
I think, we must regard the catastrophes affecting those 
remote suns as assuredly involving “ The End of many 
Worlds.” 

Note . — What is stated in the latter portion of this chapter applies 
low only to the star in the Northern Crown ; for the star in Cygnus 
has not faded into a small star, but into a small nebula ! For the 
further,history of this star, the reader is referred to my forthcoming 
treatise entitled, “Pleasant Ways in Science.” 
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THE AURORA BOREALIS. 

MONG the objects in view, when the recent 
Polar expedition was fitted out, was the hope 
that during the winter of 1875-76 the scien- 
tific observers who accompanied the expedition might be 
able to study the Aurora Borealis under unusually favour- 
able conditions. This hope was, as most of my readers 
doubtless know, disappointed. Few auroras were seen, 
and those seen were not remarkable either for brilliancy 
or for beauty of colour. Yet in the very disappointment 
of the hope which had been entertained on this subject 
there was very significant evidence respecting the aurora, 
as will presently be shown. The quiescence, at that 
time, of the forces which produce the auroral streamers 
had its meaning, and a very strange one. 

The aurora is one of those phenomena of nature which 
are characterized by exceeding beauty, and sometimes by 
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an imposing grandeur, but are unaccompanied by any 
danger, and indeed, so far as can be determined, by any 
influence whatever upon the conditions which affect our 
well-being. Comparing the aurora with a phenomenon 
akin to it in origin — lightning — we find in this respect 
the most marked contrast. Both phenomena are caused 
by electrical discharges ; both are exceedingly beautiful 
It is doubtful which is the more imposing so far as visible 
effects are concerned. When the auroral crown is fully 
formed, and the vault of heaven is covered with the 
auroral banners, waving hither and thither silently, now 
fading from view, anon glowing with more intense 
splendour, the mind is not less impressed with a sense 
of the wondrous powers which surround us than when, 
as the forked lightnings leap from the thundercloud, 
the whole heavens glow with violet light, and then 
sink suddenly into darkness. The solemn stillness of 
the auroral display is as impressive in its kind as the 
crashing peal of the thunderbolt. But there is a striking 
contrast between the feelings with which we regard the 
safe splendours of the aurora and the terrible glory of 
the lightning flash. One display we contemplate with the 
calmness engendered by absolute security; the other 
— no matter how little the fear of death may affect the 
reason — cannot be regarded without exciting the con- 
sciousness of danger. We witness in safety, so far as 
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itself is concerned, the flash whose light illuminates the 
cloud masses above and around us, but for aught we 
know it may be the last we shall ever see, since no man 
killed by lightning ever saw the flash which brought his 
death. 

I do not purpose to consider here at any length those 
facts respecting the aurora which properly find their place 
in text-books of science, but those only which are less 
commonly dealt with, and seem at once most suggestive 
and most perplexing. 

The reader is no doubt aware that auroras, or polar 
streamers, as they are sometimes called, are appearances 
seen not around the true poles of the earth, but around 
the magnetic poles, which lie very far away from those 
geographical poles which our arctic and antarctic sea- 
men have in vain attempted to reach. We in England, 
though much nearer to the north pole than the inhabi- 
tants of Canada, see far fewer auroras than they do, and 
those we see are far less splendid, simply because we art 
farther away from the northern magnetic pole. This will 
be seen from the accompanying pair of maps (from my 
“ Elementary Physical Geography ”), showing where the 
northern and southern magnetic poles lie. Again, you 
will see from the northern map, that from England 
the northern magnetic pole lies towards the west of due 
north. That is why when we see a fully developed 
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auroral arch in this country its crown lies towards the 
west of north (almost midway between north and north- 
west). I may have occasion at another time to consider 
the curious changes which affect the actual position of 



Fig. 9* —The Northern Magnetic Meridians and Lines of Equal Dip. 


magnetic poles and lines ; in this place I merely note 
that what is now said respecting them only refers to the 
present time. 

The formation of auroral streamers around the mag. 
netic poles of the earth shows that these lights are due 
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to electrical discharges, just as the general magnetic 
phenomena of the earth indicate the existence of electri- 
cal currents. The earth, in fact, with its envelope of air, 
moist and dense near the surface, rare and dry above 
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may be regarded as an enormous magnetic instrument, 
a core surrounded by conducting matter, in which elec- 
trical currents pass whenever the condition of the earth’s 
magnetism changes. The discharges of electricity, 
though only visible at night, take place in reality in the 
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daytime also. According to their extent and position, 
varying with the varying conditions under which they 
take place, their aspect changes. Moreover, from 
different parts of the earth the appearance of the aurora 
is different. From low latitudes (I speak now of magnetic 
latitudes as indicated by the closed curves around the 
magnetic poles in the maps), the auroral arch is seen 
towards the north in our hemisphere, towards the south 
in the other hemisphere. From points nearer the mag- 
netic pole it is seen overhead, and when that pole is 
approached still nearer, the crown of the arch is seen on 
the side remote from the pole, — that is, towards the 
south in our hemisphere, towards the north in the 
southern hemisphere. 

Remembering that the aurora is due to electrical dis- 
charges in the upper regions of the air, it is interesting to 
learn what are the appearances presented by the aurora 
at places where the auroral arch is high above the hori- 
zon, — these being, in fact, places nearly under the auroral 
arch. M. Ch. Martins, who observed a great number 
of auroras at Spitzbergen in 1839, thus writes (as trans- 
lated by Mr. Glaisher) respecting them : “ At times they 
are simple diffused gleams or luminous patches ; at 
others, quivering rays of pure white which nm across the 
sky, starting from the horizon as if an invisible pencil 
were being drawn ever the celestial vault ; at times it 
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stops in its course, the incomplete rays do not reach the 
zenith, but the aurora continues at some other point ; a 
bouquet of rays darts forth, spreads out into a fan, then 
becomes pale, and dies out. At other times long golden 
draperies float above the head of the spectator, and take 
a thousand folds and undulations as if agitated by the 
wind. They appear to be but at a slight elevation in 
the atmosphere, and it seems strange that the rustling 
of the folds as they double back on each other is not 
audible. Generally, a luminous bow is seen in the north ; 
a black segment separates it from the horizon, the dark 
colour forming a contrast with the pure white or bright 
red of the bow, which darts forth rays, extends, becomes 
divided, and soon presents the appearance of a luminous 
fan, which fills the northern sky, and mounts nearly to the 
zenith, where the rays, uniting, form a crown, which in 
its turn darts forth luminous jets in all directions. The 
sky then looks like a cupola of fire ; the blue, the green, 
the yellow, the red, and the white vibrate in the palpi- 
tating rays of the aurora. But this brilliant spectacle 
lasts only a few minutes ; the crown first ceases to emit 
luminous jets, and then gradually dies out; a diffused 
light fills the sky ; here and there a few Immnons patches, 
resembling light clouds, open and close with incredible 
rapidity, like a heart that is beating fast. They soon get 
pale in their turn, everything fades away and becomes 

7 
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confused, the aurora seems to be in its death-throes ; the 
stars, which its light had obscured, shine with a renewed 
brightness ; and the long polar night, sombre and pro- 
found, again assumes its sway over the icy solitudes of 
earth and ocean.” 

The association between auroral phenomena and 
those of terrestial magnetism has long been placed 
beyond a doubt. Wargentin in 1750 first established 
the fact, which had been previously noted, however, by 
Halley and Celsius. But the extension of the relation 
to phenomena occurring outside the earth — very far 
away from the earth — belongs to recent times. 

The first point to be noticed, as showing that the 
aurora depends partly on extra-terrestial circumstances, 
is the fact that the frequency of its appearance varies 
greatly from time to time. It is said that the aurora was 
hardly ever seen in England during the seventeenth 
century, though the northern magnetic pole was then 
much nearer to England than it is at present. Halley 
states that before the great aurora of 1716 none had 
been seen (or at least recorded) in England for more than 
eighty years, and no remarkable aurora since 1574. In 
the records of the Paris Academy of Sciences no aurora is 
mentioned between 1666 and 1716. At Berlin one was 
recorded in 1707 as a very unusual phenomenon; and the 
one seen at Bologna in 1723 was described as the first 
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which had ever been seen there. Celsius, who described 
in 1733 no less than three hundred and sixteen observa- 
tions of the aurora in Sweden between 1706 and 1732, 
states that the oldest inhabitants of Upsala considered 
the phenomenon as a great rarity before 1716. Anderson, 
of Hamburg, states that in Iceland the frequent occur- 
rence of auroras between 1716 and 1732 was regarded 
with great astonishment. In the sixteenth century, how- 
ever, they had been frequent. 

Here, then, we seem to find the evidence of some 
cause external to the earth, as producing auroras, or at 
least as tending to make their occurrence more or less 
frequent. The earth has remained to all appearance 
unchanged in general respects during the last three 
centuries, yet in the sixteenth her magnetic poles have 
been frequently surrounded by auroral streamers ; during 
the seventeenth these streamers have been seldom seen ; 
during the last two-thirds of the seventeenth century 
auroras have again been frequent ; and during the present 
century they have occurred sometimes frequently during 
several years in succession, at others very seldom. 

Let us inquire a little more closely into the circum- 
stances attending auroral displays, in order to ascertain 
what external cause it is which thus influences their 
occurrence, 

Connected as auroras are with the phenomena of 
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terrestrial magnetism, we may expect to find some help 
in our inquiry from the study of these phenomena. 

Now it appears certain that magnetic phenomena are 
partly influenced by changes in the sun’s condition. We 
may well believe that they are in the main due to the 
sun’s ordinary action, but the peculiarities which affect 
them seem to depend on changes in the sun’s action. It 
is found that the daily oscillation of the magnetic needle 
corresponds with the diurnal change in the position of 
the sun owing to the earth’s rotation. An annual change 
affecting that oscillation depends on the varying distance 
of the sun as the year proceeds. The daily change is 
not only greater than the annual, but is characterized by 
irregularities, when the face of the sun shows the greatest 
number of spots. It was found by General Sabine, says 
Mr. Balfour Stewart, “ that the aggregate value of mag- 
netic disturbances at Toronto attained a maximum in 
1848, nor was he slow to remark that this was also 
Schwabe’s period of maximum sun-spots. It was after- 
wards found, by observations made at Kew, that 1859 
(another of Schwabe’s years) was also a year of maximum 
magnetic disturbance. . . . There is also some reason to 
believe that on one occasion our luminary was caught 
in the very act On the first of September, 1869, two 
astronomers, Carrington and Hodgson, were independ- 
ently observing the sun’s disc, which exhibited at that 
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time a veiy large spot, when, about a quarter past eleven, 
they noticed a very bright star of light suddenly break 
out over the spot and move with great velocity across the 
sun’s surface. On Mr. Carrington sending afterwards to 
Kew Observatory, at which place the position of the 
magnet is recorded continuously by photography, it was 
found that a magnetic disturbance had broken out at the 
very moment when this singular appearance had been 
observed.” The dip of the magnetic needle, its deflec- 
tion from the north, the inferiority of its directive force, 
were all three simultaneously and abruptly altered, and 
continued so for many hours. 

Nor are we left in any doubt as to the connection 
between such well-marked disturbances of the magnetic 
needle. While the needle was thus violently displaced, 
vivid auroras occurred over the greater part of both the 
northern and southern (magnetic) hemispheres. They 
were seen in latitudes where usually auroras are as in- 
frequent as rain in Peru, — at Rome, in the West Indies, 
even within eighteen degrees of the equator. 

The disturbance of the earth’s electrical condition was 
well shown in other ways. Mr. C. V. Walker, the tele- 
graphist, found that strong electrical currents affected the 
various telegraphic lines throughout England. These 
currents changed in direction every two or three minutes. 
In many places it was impossible to send "telegraphic 
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messages. In America some of the signalmen received 
severe electric shocks. “ At a station in Norway,” says 
Sir J. Herschel, “ the telegraphic apparatus was set fire 
to; and at Boston, in North America, a flame of fire 
followed the pen of Bain's electric telegraph (which writes 
down the message upon chemically prepared paper).” 

Many of my readers will doubtless remember the 
auroras of May 13, 1869, and October 24, 1870, both 
of which occurred when the sun's surface was marked 
by many spots, and both of which were accompanied by 
remarkable disturbance of the earth's magnetism. 

It may, then, fairly be assumed that the occurrence of 
auroras depends in some way, directly or indirectly, on 
the condition of the sun. But what the real nature of 
that connection may be is not to be easily determined. 
It is clear that the eleven-year-period of sun-spots is not 
the only, or even the chief period affecting auroras, for 
we have seen that sometimes for a full century, or even 
more, very few auroras are seen. It is not by any means 
certain that the connection between the sun's condition 
and the occurrence of auroras is of the nature of 
cause and effect; quite probably sun-spots and auroras 
depend on some common cause as yet undetected, — and 
possibly never to be detected by man. 

Regarding the auroral streamers as terrestrial lights 
only, but in some sense like the light reflected by planets 
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in having their real source in the sun, we can no longer 
speak, as Humboldt was wont to do, of our planet 
possessing a power of emitting light of its own. Yet 
his manner of dealing with auroral light still possesses 
interest for us, especially in relation to the question 
whether these polar lights are emitted by other 
planets and may possibly be discerned from our earth, 
“It results from the phenomena of the aurora,” said 
Humboldt, “ that the earth is endowed with the pro- 
perty of emitting a light distinct from that of the sun. 
The intensity of this light is rather greater than that 
of the moon in its first quarter. It is at times, as on 
January 7, 1831, strong enough to admit of one's read- 
ing printed characters without difficulty. This light 
of the earth, the emission of which towards the poles 
is almost continuous ” (this, however, is not strictly the 
case), “ reminds us of the light of Venus, the part of 
which not lighted by the sun often glimmers with a dim 
phosphorescent light. Other planets may also possess 
a light evolved out of their own substance.” 

I would venture, however, to express strong doubts 
as to the possibility of discerning, either on Venus or 
on any other planet, the auroral gleams which may 
very probably illuminate at times their nocturnal skies. 
It m^st be remembered that the aurora, when at its 
brightest and covering a large part of the sky, only 
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gives about as much light as the moon in her first 
quarter, — that is, as one half of a disc so small that 
180,000 such discs would not equal the entire sky. 
The luminosity of the aurora is then in reality very 
small ; probably far less than that of the earth’s sur- 
face when illuminated by the full moon. A distant 
hill on which the rays of the full moon are falling 
seems strongly illuminated, and yet its light is really 
so faint that we could scarcely discern it at all save 
for the favouring effect of contrast. We know this, 
because we often see portions of the moon’s surface 
which are illuminated by earthshine (when we see what 
is called the old moon in the new moon’s arms), and 
these portions are quite faint by comparison with the 
rest of the moon; yet earthshine exceeds moonshine 
at least twelve times, and probably more nearly twenty 
times in splendour. 

The glimmering phosphorescent light, supposed to 
have been seen on parts of Venus not lighted by the 
moon, is a phenomenon about which experienced tele- 
scopists are somewhat doubtful, though Webb speaks 
of the appearance as remarkably well attested, quoting, 
amongst others, the following cases. In 1715, Derham, 
in his “ Astro-Theology,” says that “ the sphericity or 
rotundity is manifest in our moon, yea, and in Venus, 
too, in whose greatest falcations ” (/>., when they appear 
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as crescents) “the dark parts of their globes may be 
perceived, exhibiting themselves under the appearance 
of a dull and rusty colour.” In 1806, the phenomenon 
displayed itself beautifully to Harding three times 
and to Schroter once within five weeks. " Guthrie and 
others noticed it a few years ago, with small reflectors, 
in Scotland; Purchas, at Ross, in England; De Vico 
and Palomba, many times in Italy.” Winnecke re- 
cords a similar observation, though very faint, 1871, Sep- 
tember 25, a little before noon. Van Hahn also says 
he saw it repeatedly, by day as well as by night, and 
with several instruments; he was, however, an inferior 
observer. The dark side is sometimes described as grey, 
sometimes as reddish. The phenomenon has, on the 
other hand, been looked for specially, on several occa- 
sions, by practised observers, using very fine instru- 
ments, who have failed to recognise any trace of it. 

One of the most remarkable observations ever made 
on Venus must here be mentioned. Madler states that 
on one occasion, when he was observing the planet, 
he saw a number of brushes of light diverging from the 
circular side (i.e., the outside of the planet’s crescent), 
lasting as long as the planet could be seen that even- 
ing, and remaining unchanged when he changed the 
position of the telescopic eye-piece, or used a different 
one. “ He attempts no explanation,” says Webb, “ but 
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thinks it could not have been an optical illusion. This 
is certainly possible , but it is an instructive instance of 
the oversights which may be incidental even to great 
philosophers, that it never seems to have occurred to 
him to try another telescope !” It cannot be doubted 
that the evidence would have been greatly strengthened 
had he changed telescope as well as eye-piece ; though 
it is not readily to be explained how a known telescope, 
frequently used as well before as after this strange 
appearance was seen, could for one evening only have 
played so strange a trick as Madler’s must have done, 
if what he saw was merely an instrumental illusion. 

However, whether we have telescopic evidence or not 
respecting auroral lights surrounding the polar regions 
of other planets, we can have very little doubt that 
some among the planets, if not all of them, resemble 
our earth in this as in so many other respects. The 
aurora is a cosmical phenomenon, not one peculiar 
to cur own earth. It is not, indeed, altogether certain 
that our sun himself may not be girt round by mighty 
auroral streamers, and that the light of these may not 
constitute a noteworthy portion of the corona of glory 
seen around him during the time of total eclipse. 

This view, indeed, although it has not been definitely 
entertained as I have here expressed it, has been sug- 
gested by reasoning which led others to suppose that the 



THE AVRORA BOREALIS . 


107 

coloured prominences around the sun may be auroras. 
Perceiving the nature of the connection between terres- 
trial magnetism and auroras, Balfour Stewart reasoned 
that we may extend our inquiries and ask, “ If the sun’s 
action is able to create a terrestrial aurora, why may 
he not also create an aurora in his own atmosphere ? ” 
It occurred independently to General Sabine, Prof. 
Challis, and himself, that the red flames visible during 
a total solar eclipse “may be solar aurorae.” We now 
know that the solar flames are not aurorae, nor, properly 
speaking, flames at all, but great masses of glowing 
vapour. It is not, however, by any means so clear 
that the solar corona is not auroral in its nature. The 
following reasoning, applied by Balfour Stewart to the 
sun’s prominences, applies with much greater force to 
the corona. After mentioning the height (from 70,000 
to 80,000) which some prominences attain, he proceeds, 
“Considering the gravity of the sun, we are naturally 
unwilling to suppose that there can be any considerable 
amount of atmosphere at such a distance from his 
surface; and we are therefore induced to seek fox an 
explanation of these red flames amongst those pheno- 
mena which require the smallest possible amount of 
atmosphere for their manifestation. Now the experi- 
ments of Mr. Gassiot and the observed height of the 
terrestrial aurora alike convince us that this meteor 
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will answer our requirements best And besides this, 
the curved appearance of these red flames, and their 
high actinic power, in virtue of which one of them, 
not visible to the eye, was photographed by Mr. De la 
Rue, are bonds of union between these and terrestrial 
auroras.” 

All this and much more may be said of the solar 
corona. Its streamers extend not 70,000 or 80,000 
miles, but 700,000 or 800,000 miles from the sur- 
face of the sun, where the pressure must be far smaller 
than near the summits of even the loftiest prominences. 
They are curved and striated, like those of the aurora, 
whereas the shapes of the prominences bear only a 
distant resemblance to auroral streamers. They possess 
a high actinic (/>., photographic) power, as is shewn 
by the readiness with which, during the total eclipse 
of December, 1871, they were photographed, no less 
than six well-defined negatives being taken both 
by Col. Tennant, at Ootacamund, and by Mr. Davis, 
at Baikal, during the brief continuance (only a few 
minutes) of total obscuration. In every respect the 
solar corona accords far better than do the solar 
coloured prominences with the appearance we should 
expect to recognise in solar auroras. 

In particular, it has always seemed to me that the 
curved, especially the doubly curved, streamers of the 
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corona can only be well explained by regarding the 
corona as in the main an auroral phenomenon. If 
mighty currents prevailed in the higher regions of a 
rare atmosphere, extending hundreds of thousands of 
miles from the sun’s surface, appearances such as these 
curved streamers would undoubtedly be explained. But 
no one who considers the effect of the sun’s tremen- 
dous attractive power on such an atmosphere can fail to 
perceive that, according to the known laws connecting 
gaseous pressure and density, the density of that atmos- 
phere would be enormously great, even at a very great 
distance from the sun’s surface, if the curved streamers 
really were caused by atmospheric currents. We know, 
on the contrary, from the behaviour of comets which 
have passed very near to the sun, that the atmosphere 
above his visible surface must be very rare indeed. 

It must not be understood, however, that I regard 
the corona as simply a great solar aurora. It is certain 
that the whole region filled by the corona is occupied 
by immense numbers of scattered meteors, and extremely 
probable that large quantities of cometic matter exist 
within the same region. Vaporous masses may also be 
there, circling independently around the sun. But that 
this region is illuminated constantly by auroral light, 
varying greatly in intensity and position, seems very 
strongly indicated by all that we know about the 
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corona, as seen during different total eclipses of the 
sun. 

If we so viewed the solar corona, and found our earth, 
therefore, in this respect resembling the great central 
orb of the solar system, we could not but regard as ex- 
tremely probable the theory that other planets also 
resemble the central body in this respect. We might 
then picture to ourselves every orb in the solar system 
carrying onward its faintly luminous crowns of boreal 
and austral light, not shining with constant lustre, or 
in the same constant position, but at one time leaping 
in coloured steamers to a great distance from the body 
they adorned, and anon sinking down and growing 
fainter and fainter, or occasionally disappearing alto- 
gether. Then, when some great disturbance affected 
the central sun, and caused his auroral banners to shine 
out more brilliantly and to attain a greater extension, sud- 
denly the auroral streamers of all the planets would leap 
out into new light and life, playing around the northern 
and southern magnetic poles of those orbs, even as 
electric brushes play around the positive and negative 
electrodes of a Geissler’s tube. “ Suddenly ” at least 
so far as each planet is concerned, but not suddenly 
throughout the whole system. For the magnetic in- 
fluences, like the light and heat of the sun, require 
time for their transmission. Yet, so rapidly do they 
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travel that, in a few hours, the auroral illumination 
would extend from the central sun to the outermost 
limits of his system. 

It remains that I should make a few remarks on the 
evidence which that wonderful instrument of research, 
the spectroscope, has afforded respecting the light of 
the aurora. 

Angstrom was the first to observe the spectrum of the 
aurora borealis. He found that the greater part of the 
auroral light, as observed in 1867, was of one colour, 
yellow, but three faint bands of green and greenish 
blue colour were also seen. The aurora of April 15, 
1869, was seen under very favourable conditions in 
America. Prof. Winlock, observing it at New York, 
found its spectrum to consist of five bright lines, of 
which the brightest was the yellow line just mentioned. 
One of the others seems to agree very nearly, if not 
exactly, in position with a green line, which is the most 
conspicuous feature of the spectrum of the solar corona. 
During the aurora of October 6, 1869, Flogel noticed 
the strong yellow line and a faint green band. Schmidt, 
on April 5, 1870, made a similar observation. He saw 
the strong yellow line, and from it there extended to- 
wards the violet end of the spectrum a faint greenish 
band, which, however, at times showed three defined 
lines, fainter, than the yellow line. 
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It was not till the magnificent aurora of October 24, 
25, 1870, that any red lines were seen in the spectrum 
of an aurora. On that occasion the background of 
auroral light was ruddy, and on the ruddy background 
there were seen three deep red streamers very well 
defined. The ruddy streamers, on the night of October 
25, converged towards the auroral crown, which was on 
that occasion singularly well seen. Forster of Berlin 
failed to see any red line or band despite the marked 
ruddiness of the auroral light. But Capron at Guild- 
ford saw a faint line in the red part of the spectrum ; 
and Eiger at Bedford observed a red band in the light 
of the red streamers, the band disappearing, however, 
when the spectroscope was directed on the white rays 
of the aurora. 

As yet the aur ,ral spectrum has not been interpreted. 
It is not a spectrum which can be (at present) artificially 
produced. We understand the spectrum of the sun and 
stars, because spectra of the same order can be pro- 
duced in our laboratories. The spectra of the planets, 
so far as they differ from the spectrum of reflected sun- 
light in showing signs of the absorptive action of the 
planetary atmosphere, have been similarly interpreted. 
So also the spectra of the coloured solar prominences 
are understood, while those of nebulae and comets, 
though not as yet thoroughly explained, have been 
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partly interpreted, because of their partial agreement 
with the known spectra of earthly elements. But as 
yet neither the spectrum of the aurora nor that of the 
solar corona has been explained. The reason probably 
is, that the conditions ujider which the light of the 
aurora as of the corona is formed are not such as have 
been or perhaps can be attained or even approached in 
laboratory experiments. 


S 
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JPjSrjTjBjKHERE are some phenomena of nature which 
su SS est false ideas. For instance, when we 
look at the broad expanse of ocean on a 
moonlit night, and see a path of glory on its surface, 
directed towards the moon's place, we seem to be assured 
by the sense of sight that that broad track is illuminated 
while the waters all around are dark. A little considera- 


tion, however, assures us that the impression is a false 
one, that in this case seeing is not believing. The moon's 
rays really illumine the whole surface which lies before 
us, and we fail to receive light from other parts than the 
track below the moon, not because they receive no light, 
but because the light which they receive is not reflected 
towards us. An observer, stationed a mile or two towards 
the right or towards the left of our station, sees a different 
track of light, while the part which seems bright to us 
seems dark to him. 
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The rainbow is another phenomenon of this decep- 
tive kind. We seem to see an arch of many colours sus- 
pended in the air, — and when we learn that it is due to 
the presence of drops of water in the air, we are apt to 
infer that where we see the red arch there are drops lit 
up with red light, where the yellow, green, or violet arch, 
that the drops are aglow with yellow, green, or violet 
light. But in reality this is not so ; the same drops 
which seem green to us will seem red to another ob- 
server, violet to another, and to yet other observers will 
show none of the prismatic colours, but only the dull 
grey colour of the cloud on which the rainbow is seen. 
We have here a pretty emblem of the varied aspects 
which events of the same real nature present to different 
persons, or according to the different circumstances under 
which the same person may see them. One shall see 
events in rosy tints, or with the freshness of spring 
hues, or with the melancholy symbolled by the 

deeper indigo (as when 

The heavy-skirted evening droops with frost)— 

while to others the same events shall show only the 
ordinary tints of common-place life. 

The lunar halo is one of the phenomena thus decep- 
tive to the view. We see all around the moon a circle 
or arc of light, nearly white, though sometimes faint 
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tints of colour can be perceived in it, while the space 
within the circle seems manifestly darker than the space 
outside. The appearance of the halo as seen under 
favourable conditions is shown in fig. n, on the next 
page. In this country the dark space round the moon 
is not generally so well seen as in countries where the 
air is clearer. But this is in reality the characteristic 
feature of the halo, as its name shows. For the name is 
derived from a Greek word signifying threshing-floor (the 
old threshing-floors being round), and thus naturally 
describes a round space relatively cleaT, surrounded on 
all sides by a ring of aggregated matter. 

We seem in looking at the lunar halo, then, to see the 
moon at the centre of a dark space, surrounded by a 
ring of bright particles, outside which again are particles 
not quite so brightly illuminated as those forming the 
ring, but more brightly than those within the ring. 

But in reality this impression, which, so far as the sense 
of sight is concerned, seems forced upon the mind, is 
entirely erroneous. There is no real distinction between 
the space which looks dark all round the moon, the 
space beyond which does not look dark, and the ring 
between the two spaces which looks bright. These are 
all equally illuminated by the moon, in the same sense, 
at least, that we say the surface of a moonlit sea is all 
equally illuminated, neglecting slight differences which 
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do not concern the point we are specially dealing with. 
Precisely as the path of light on the ocean is not a 
real path of illumination, bounded on either side by 
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deal with scientific matters, but rather with the thoughts 
(much more important in my belief) which they suggest 
—so that, in dealing with my present subject, I wish 
rather to call attention to the manifold ways in which our 
senses may deceive us unless their evidence is carefully 
cross-examined — yet it may be worth while to notice how 
the particular illusion here considered has deceived even 
the scientific elect 

It had been noticed by Tyndall, in certain experi- 
ments, that a very sensitive measurer of heat, when placed 
under the moon’s rays, gathered together by a powerful 
condenser, seemed to indicate cooling rather than heat- 
ing, as we should expect. On this a French student of 
science pointed to the darkening under the moon where 
the lunar halo is seen as evidence that our satellite 
possesses a certain power of clearing away vaporous 
matter from the air. “ On pent dire t ” he said, speaking 
of the dark space within the halo, “ que la lune ouvre 
alors une porte par laquelle s'cchappe le calorique que 
V action solaire a emmagasine dans les couches infcricures 
“ One may say/’ that is, “ that the moon then opens a door 
through which the heat escapes, which the sun’s action 
has stored up in the lower layers ” (of the air). It will be 
manifest, if we remember that a lunar halo can often be 
seen at the same time from stations hundreds of miles 
apart, that there can be no such opening of clear air. 
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For the cloud layer in which the halo is formed is but 
a few miles above the observer; and therefore, if one 
observer saw a circular opening in this layer, with the 
moon at its centre, another, a hundred miles from him, 
would see the space in a very different direction. The 
moon would not only not be at the centre of the space 
for this second observer, but would not be visible through 
the space at all. Moreover, the space could not possibly 
seem round to both observers; if it seemed round to 
one, it would look like a very flat oval of darkness 
(almost a mere line) to the other. 

The real explanation of the lunar halo is very different. 
When you see such a halo, you may be certain that there 
is, high up in the air, a layer of light feathery cloud — the 
cirrus cloud, as it is called — composed of tiny crystals of 
ice. These crystals, as we know from those which in 
winter sometimes fall (not as snow, but as little ice-stars), 
have all a definite shape. They are in fact little prisms 
of ice, with angles like those of an equilateral triangle. 
These little prisms deflect the light which falls upon 
them, just as one of the drops of a chandelier deflects 
any light which falls upon it. If you hold a prism-drop 
of a chandelier between the eye and a light, you will see 
that the prism looks dark ; it is really lit up, but it sends 
the light away in such a direction that the eye receives 
none. Now move it gradually away from the line of 
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sight to the light, and at a certain distance it appears full 
of light ; or, to speak more correctly, it sends the light 
it receives directly towards your eye. Beyond that posi- 
tion it again looks dark, but rot so dark as when it was 
nearly between the eye and the light. 

The little crystals of ice perform the same part with 
respect to the moon, when we see a lunar halo. Those 
between us and the moon, or within a certain distance 
from the line of sight to the moon, are, in reality, lit up 
by the moon's rays ; but they send off those rays in such 
directions that we do not receive the light. Thus, all the 
space lying towards the moon, and for a certain distance 
all round, looks dark. But, at a certain distance, these 
little crystals send us light. If we could see them 
separately, they would seem to be full of light. That is 
the distance where ice-crystals of their known shape act 
most favourably in deflecting light, — that is, send off 
most for all the varying positions (not places) they can 
be in. At greater distances, a small proportion send us 
light Thus, at that distance we have a ring of light, 
and outside the ring we have a gradual falling off in the 
quantity of light 

But the reader will be apt, perhaps, to say, How can 
all this be proved? No one has ever been among the 
ice-crystals of the feathery clouds when they are per- 
forming this work. When Coxwell and Glaisher made 
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their highest ascent, the feather- clouds seemed almost as 
high above them as ever. Nor, if any one could reach 
those clouds, could he see the ice-crystals at their work. 
Yet there are few points about which science is more 
certainly assured than about this explanation of the halo. 
For we know the shape constantly assumed by ice-crystals; 
we know according to what precise law ice bends rays of 
light falling upon it ; hence we can calculate quite cer- 
tainly where, if ice-crystals make the halo, its rings should 
be seen. And the halo has the precise position thus cal- 
culated from the known laws of optics, and the known 
facts about ice and ice-crystals. The diameter of the 
halo should be, and is, about eighty times the apparent 
diameter of the moon, or somewhat less than half the 
arc which separates the point overhead from the 
horizon. 

There is, however, yet stronger evidence. Haloes 
form around the sun as well as round the moon, — in fact, 
more frequently. Solar haloes have so much more light 
in them that we can recognise varieties of tint Now, it 
follows from the laws of optics that, for the red part of 
the sun’s light, the halo ring should have a smaller 
diameter than the halo ring for the violet part, inter- 
mediate colours having their corresponding intermedi- 
ate halo rings. Thus, the halo ring, as a whole, should 
be rainbow-tinted, red on the inside, then orange, yellow, 
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green, blue, indigo, and violet ; and these colours are 
shown (under favourable conditions) in this order. 

The student looking out for haloes, solar or lunar, 
must be careful not to confound them with solar and 
lunar coronas, that is, not the corona of astronomy, but 
rings of light around the sun and moon, much smaller 
than the true halo rings. What I have said above 
about the size of the true halo will suffice to prevent 
such a mistake. Coronas are not nearly so easily, 
though they have been quite as thoroughly, explained 
by science, as haloes. 

It is singular to observe how utterly unlike the in- 
terpretation of the halo by science is from the natural 
interpretation. The observer would say, There surely is 
a dark space all round the moon, and round that a ring 
of light, — I see these things, and seeing is believing. 
Science says there is no dark space, and there is no ring 
of light ; while the eye of science perceives something 
where the lunar halo shines which ordinary vision cannot 
recognise. Up yonder, many miles above the earth, 
science sees millions of crystals of ice, carried hither 
and thither — so light are they — by every movement of 
the air. Science sees these ice crystals deflecting the 
rays of moonlight, sifting the red rays from the orange, 
and these from the yellow, yellow from green, green from 
blue, blue from indigo, and indigo from violet Science, 
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in fine, perceives processes taking place in those higher 
regions of air compared with which the most delicate 
analyses of the laboratory are utterly coarse and im- 
perfect. 

There is a purer and nobler poetry in the lunar halo 
as thus understood than in its mere visible phenomena, 
attractive and beautiful though these are. Idle indeed 
is the fear that the interpretation of this special mystery 
of nature will leave the number of nature's mysteries 
diminished by one. On the contrary, for the one mys- 
tery explained many deeper mysteries are suggested. 
The phenomena discernible by the sense of sight are 
explained, but only by bringing into the range of a purer 
and more piercing vision phenomena infinitely more 
wonderful. If one could see through some amazing 
extension of visual power, or if even the imagination 
could adequately picture, the rush of light waves of all 
orders of length upon the line of crystal breakers, their 
deflection in all directions, their separation into their 
various orders of wave-length ; if one could perceive the 
actual illumination of the ice-crystals, even where they 
seem dark to us, and the continual fluctuations of the 
troubled sea of ether between the crystal breakers and 
the earth below, — the scene would infinitely transcend in 
interest and mystery, the picture would be infinitely more 
suggestive of solemn thoughts, than the scene — beautiful 
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though it doubtless is — presented by the halo-girt moon 
to ordinary vision. Truly they know little of the real 
meaning of science who regard it as depriving natural 
phenomena of their effect on the imagination, as robbing 
Nature of her poetic influence. 




VIII. 

MOONLIGHT. 

HE light of the moon and the changes of 
the moon were probably the first phenomena 
which led men to study the motions of the 
heavenly bodies. In our times, when most men live 
where artificial illumination is used at night, we can 
scarcely appreciate the full value of moonlight to men 
who cannot obtain artificial light. Especially must 
moonlight have been valuable to the class of men 
among whom, according to all traditions, the first 
astronomers appeared. The tiller of the soil might 
fare tolerably well without nocturnal light, though even 
he, — as indeed the familiar designation of the harvest- 
moon shows us, — finds special value, sometimes, in 
moonlight. But to the shepherd moonlight and its 
changes must have been of extreme importance as he 
watched his herds and flocks by night. We can unden 
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stand how carefully he would note the change from the 
new moon to the time when throughout the whole night, 
or at least of the darkest hours, the full moon illuminated 
the hills and valleys over which his watch extended, and 
thence to the time when the sickle of the fast waning 
moon shone but for a short time before the rising of the 
sun. To him, naturally, the lunar month, and its sub- 
division, the week, would be the chief measure of time. 
He would observe — or rather he could not help observ- 
ing — the passage of the moon around the zodiacal band, 
some twenty moon-breadths wide, which is the lunar road- 
way among the stars. These would be the first purely 
astronomical observations made by man; so that we 
learn without surprise that before the present division of 
the zodiac was adopted the old Chaldean astronomers 
(as well as the Indian, Persian, Egyptian, and Chinese 
astronomers, who still follow the practice) divided the 
zodiac into 28 lunar mansions, each mansion corre- 
sponding nearly to one day’s motion of the moon among 
the stars. 

It is easy to understand how the first rough obser- 
vations of moonlight and its changes taught men the 
true nature of the moon, as an opaque globe circling 
round the earth, and borrowing her light from the sun. 
They perceived, first, that the moon was only full when 
she was opposite the sun, shining at her highest in the 
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south at midnight when the sun was at his lowest 
beneath the northern horizon. Before the time of full 
moon, they saw that more or less of the moon's disc was 
illuminated as he was nearer or farther from the position 
opposite the sun, the illuminated side being towards the 
west — that is, towards the sun; while after full moon 
the same law was perceived in the amount of light, 
the illuminated side being still towards the sun, that is, 
towards the east. They could not fail to observe the 
horned moon sometimes in the daytime, with her horns 
turned directly from the sun, and showing as plainly, by 
her aspect, whence her light was derived, as does any 
terrestrial ball lit up either by a lamp or by the sun. 

The explanation they gave was the explanation still 
given by astronomers. Let us briefly consider it. In 
doing so I propose to modify the ordinary text-book 
illustration which has always seemed to me ingeniously 
calculated (with its double set of diversely illuminated 
moons around the earth) to make a simple subject 
obscure. 

In fig. 12, let E represent the earth one half in dark- 
ness, the other half illuminated by the rays of the sun S, 
which should be supposed placed at a much greater 
distance to the left, — in fact, about five yards away 
from E. To preserve the right proportions, also, the sun 
ought to be much smaller and the earth a mere point 
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She therefore cannot 


be seen ; and accord- 
ingly, in fig. 2, she is 
presented as a black 
disc at i to corres- 
pond with her invisibility when she is as at M r She 
passes on to M a ; and now from E a part of her illumi- 
nated half can be seen towards the sun, which would be 
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towards the right, if we imagine an eye at E looking 
towards M 2 . Her appearance then is as shown at 2, 


fig. 13. In any intermediate portion 
.between M x and M 2 , the sickle of light is 
visible but narrower. We see also that all 
this time the moon’s place on the sky 
cannot be far from the sun’s place, for the 
line from E to M 2 is not greatly inclined 
to the line from E to S. When the moon 
has got round to M 3 , the observer on the 
earth sees as much of the dark half as of 
the bright half of the moon, the bright 
half being seen, of course, towards the 
sun. Thus the moon appears as at 3, fig. 
13. Again as to position, the moon is now 
a quarter of a circuit of the heavens from 
the sun, for the line from E to M 3 is 
square to the line from E to S. We see 
similarly that when at M 4 the moon ap- 
pears as shown at 4, fig 13, for now the 
observer at E sees as small a part of the 
moon’s dark side as he had seen of her 
bright side when she was at M 2 . When 



she is at M 6 the observer at E sees her bright face only, 


the dark face being turned directly from him. She, 


therefore, appears as at 5, fig. 13. Also being now exactly 


9 
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opposite the sun, as we see from fig. 12, she is at her 
highest when the sun is at his lowest, or at midnight ; 
and at this time she rules the night as the sun rules the 
day.* As the moon passes on to M 6 , a portion of her 
dark half comes into view, the bright side being now 
towards the left, as we look at M 6 from E, fig. 12. Her 
appearance, therefore, is as shown at 5. When at M 7 she 
is seen as at 7, half-bright and half-dark, as when she was 
at M 3 , but the halves interchanged. At M 8 she appears 
as at 8, and, lastly, at Mj she is again undiscemible. 

The ancient Chaldean astronomers could have little 
doubt as to the validity of this explanation. In fact, 

# It has been thought by some that, in the beginning, the moon 
was always opposite the sun, thus always ruling the night. Milton 
thus understood the account given in the first book of Genesis. 
For he says, — 

Less bright the morn, 

But opposite in levell'd west was set 
His mirror, with full face, borrowing her light 
From him’; for other light she needed none 
In that aspect ; and still that distance keeps 
Till night, then in the east her turn she shines, 

Revolv’d on Heav’n’s great axle. 

It was only as a consequence of Adam’s transgression that he con- 
ceives the angels sought to punish the human race by altering the 
movements of the celestial bodies— 

To the blank moon 
Her office they prescribe— 

It is hardly necessary to say, perhaps, that this interpretation is not 
Scientifically admissible. 
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while it is the explanation obviously suggested by ob- 
served facts, one cannot see how any other could have 
occurred to them. 

But if they had had any doubts for a while, the occur- 
rence of eclipses would soon have removed those doubts. 
They must early have noticed that at times the full 
moon became first partly obscured, then either wholly 
disappeared or changed in colour to a deep coppery red, 
and after a while reappeared. Sometimes the darkening 
was less complete, so that at the time of greatest dark- 
ness a portion of the moon seemed eaten out, though 
not by a well defined or black shadow. These pheno- 
mena, they would find, occurred only at the time of full 
moon. And if they were closely observant, they would 
find that these eclipses of the moon only occurred when 
the full moon was on or near the great circle round the 
stellar heavens, which they had learned to be the sun’s 
track. They could hardly fail to infer that these darken- 
ings of the moon were caused by the earth’s shadow, near 
which the moon must always pass when she is full, and 
through which she must sometimes pass more or less 
fully ; in fact, whenever, at the time of full, she is on or 
near the plane in which the earth travels round the sun. 
Solar eclipses would probably be observed later. Tor 
though a total eclipse of the sun is a much more striking 
phenomenon than a total eclipse of the moon, yet the 
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latter are far more common. A partial eclipse of the 
sun may readily pass unnoticed, unless the sun’s rays are 
so mitigated by haze or mist that it is possible to look at 
his disc without pain. Whenever solar eclipses came to 
be noted, and we know from the Chaldean discovery of 
the great eclipse period, called the Saros, that they were 
observed at least two thousand years before the Christian 
era, the fact that the moon is an opaque body circling 
round the earth, and much nearer to the earth than 
the sun is, must be regarded as demonstrated. Not only 
would eclipses of the sun be observed to occur only when 
the moon was passing between the earth and the sun, 
but in an eclipse of the sun, whether total or partial, the 
round black body cutting off the sun’s light wholly or 
partially would be seen to have the familiar dimensions 
of the lunar orb. 

Leaving solar and lunar eclipses for description 
on another occasion, I will now proceed to consider 
a peculiarity of moonlight which must very early have 
attracted attention, — I mean the phenomenon called the 
harvest-moon. 

The moon circuits the heavens in a path but slightly 
inclined to that of the sun, called the ecliptic, and for 
our present purpose we may speak of the moon as 
travelling in the ecliptic. Now we know that during the 
winter half of the year the sun is south of the equator, 
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the circle of the heavenly sphere which passes through 
the east and west points of the horizon, and has its plane 
square to the polar axis of the heavens. During the 
other or summer half of the year he is north of the 
equator. In the former case the sun is above the 
horizon less than half the twenty- four hours, day being 
so much shorter as the sun is farther south of the 
equator; whereas in the latter case the sun is above 
the horizon more than twelve hours, day being so much 
the longer as the sun is farther north of the equator. 
Precisely similar changes affect the moon, only, instead 
of taking place in a year (the time in which the sun 
circuits the stellar heavens), they occur in what is called 
a sidereal month, the time in which the moon completes 
her circuit of the stellar heavens. For about a fortnight 
the moon is above the horizon longer than she i6 below 
the horizon, while during the next fortnight she is below 
the horjzon longer than she is above the horizon. Now 
clearly when the length of what we may call the moon’s 
diurnal path (meaning her path above the horizon) is 
lengthening most, the time of her rising on successive 
nights must change least. She comes to the south later 
and later each successive night by about 50 J minutes, 
because she is always travelling towards the east at such 
a rate as to complete one circuit in about four weeks ; 
and losing thus one day in 28, she losses about 50 J 
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minutes per day. If the interval between her rising and 
her arriving to the south were always the same, she 
would rise 50^ minutes later night after night. But if 
the interval is lengthening, say by 10 minutes per night, 
she would of course rise only 40 \ minutes later ; if the 
interval is lengthening 20 minutes per night, she would 
rise only 30J minutes later, and so forth. But the lunar 
diurnal arc is lengthening all the time she is passing from 
her position farthest south of the equator to her position 
farthest north, just in the same way as the solar day 
is lengthening from mid-winter to midsummer, only to 
a much greater degree. And as the solar day lengthens 
fastest at spring when the sun crosses the equator from 
south to north, so the time the moon is above the 
horizon lengthens most, day by day, when the moon is 
crossing the equator from south to north. It lengthens, 
then , from an hour to an hour and 20 minutes in one 
day, that is, the interval between moon-rise and moon- 
setting increases from 30 to 40 minutes. At this time, 
then, whenever it happens in each lunar month, the 
moon's time of rising changes least: instead of the 
moon rising night after night 50! minutes later, the 
actual difference varies only from 10 to 20 minutes. 

Now if this happens at a time when the moon is 
not nearly full, it is not specially noticed, because the 
moon's light is not then specially usefuL But if it 
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happens when the moon is nearly full, it is noticed, 
because her light is then so useful. A moon nearly full, 
afterwards quite full, and then for a day or two still 
nearly full, rising night after night at nearly the same 
time, remaining also night after night longer above the 
horizon, manifestly serves man for the time being in the 
most convenient way possible. But it is clear that as 
the full moon is opposite the sun, and as to fulfil the 
condition described we have seen that she must be 
crossing the equator from south to north, the sun, 
opposite to her, must be at the part of his path where he 
crosses the equator from north to south. In other 
words, the time of year must be the autumnal equinox. 
Thus the moon which comes to “ full ” nearest to Sep- 
tember 22 or 23 will behave in the convenient way 
described. At this time, moreover, when she rises night 
after night nearly at the same time, the nights are 
lengthening fastest while the time the moon is above the 
horizon is lengthening still more, and therefore, in all 
respects, the moon is then doing her best, so to speak, 
to illuminate the nights. At this season the moon is 
called the harvest-moon, from the assistance she some 
times renders to harvesters. 

The moon which is full nearest to September 22 — 23 
may precede or follow that date. In the former case 
only can it properly be called a harvest-moon. In the 
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latter it is sometimes called the hunter’s moon. The full 
moon occurring nearest to harvest time will always par- 
take more or less of the qualities of a full moon occur- 
ring at the autumnal equinox: and similarly of a full 
moon following the autumnal equinox. So that, in almost 
every year, there may be said to be a harvest-moon and 
a hunter’s moon. But, of course, it will very often 
happen that in any particular agricultural district the 
harvest has to be gathered in during the wrong half of 
the lunar month, that is, during the last and first, instead 
of the second and third quarters. 

The reader must not fall into the mistake of supposing, 
as I have seen sometimes stated in text-books of astro- 
nomy, that we are more favoured in this respect than the 
inhabitants of the southern hemisphere. It is quite true 
that the same full moon shines on us as on our friends in 
New Zealand, Australia, and Cape Colony, and also that 
our autumn is their spring, and their spring our autumn. 
But the full moon we have in autumn behaves in the 
southern hemisphere not as with us, but as our spring 
full moon behaves; and the full moon of our spring, 
which is their autumn, behaves with them as our autumn 
moon behaves with us. It is, therefore, for them a 
harvest-moon if it occur before the equinox, and a 
hunters moon if it occur after the equinox. A very 
little consideration will show why this is. In fact if, in 
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the explanation given above, the words north and south 
be interchanged, and March 21 — 22 written for Septem- 
ber 22 — 23, the explanation will be precisely that which 
I should have given respecting the harvest (or March) 
moon of the southern hemisphere, if I had been writing 
for southern readers. 

Having thus considered the moon as a light-giver, 
both in respect of her monthly changes and of that 
yearly change which causes her services to be most use- 
ful in harvest time, let us consider what science tells us 
of the orb which thus usefully reflects to us the solar 
rays. 

The moon is a globe about 2159I miles in diameter, 
travelling round the earth at a mean distance of 238,818 
miles. Her path round the earth is not, however, a 
circle, but an ellipse, which itself is constantly varying 
in shape. The average eccentricity of the moon’s path 
is such that her greatest and least distances, as she 
circuits round it, are 251,953 miles and 225,683 miles 
respectively ; but when it is most eccentric, her greatest 
and least distances are 252,948 miles and 221,593 miles 
respectively; while, when it is least eccentric, they are 
respectively 250,324 miles and 227,312 miles. The 
earth’s surface exceeds the moon’s nearly 135 times, 
the actual number of square miles in the moon’s sur- 
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face amounting to 14,600,000. This is nearly equal to 
Europe and Africa together, or, more nearly still, to 
North and South America together, without their 
islands. In volume our earth exceeds the moon rather 
more than 49J times : or, more nearly, if the earth’s 
volume be represented by 10,000, the moon’s will be 
represented by 209. The materials of the moon’s globe 
are either lighter or (more probably) they are less 
closely compacted than those forming our earth, — 
for, according to the best modern estimates, the earth 
exceeds the moon in mass nearly 8i£ times. Assum- 
ing as the most probable value of the earth’s mean 
density about 5-j 7 ^ times the density of water, the moon’s 
mean density is equal to 3-^- times that of water. 
Gravity at her surface is accordingly much less than at 
the surface of the earth ; a quantity of matter weighing 
six pounds at the surface of the earth would weigh 
almost exactly one pound at the surface of the moon. 

The moon circuits once round the earth in 27d. 7I1. 
43m. 11.5s. This is the time in which, viewed from 
the earth, she seems to complete one circuit round the 
stellar heavens, and is therefore called a sidereal month. 
But as the earth is all the time travelling the same way 
round the sun, the lunar month is longer. Thus, 
suppose S (fig. 14) to be the sun, E the earth at the 
beginning of a lunar month, M x M s M 3 M 4 the moon’s 
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path, and M x the moon’s place on the line joining E 
and S. If the earth remained at rest while the moon 
went round the path M x M s , then after completing one 
circuit the moon would again be at on the line 
joining E and S, or it would be new moon again. But 
the earth is moving onwards along the arc EE’ of her 
circuit round the sun. So that when the moon has 





Fig. 14. — Explaining the difference between a sidereal lunar mom., 
and a common lunar month or lunation. 

completed one circuit she is at M 4 (E'mj drawn parallel 
to EMj) and has still to travel some distance before she 
gets round to M' on the line joining S and E'. The 
lunation, or interval between successive new moons, has 
an average duration of 29d. 12I1. 44m. 38s., exceeding 
a sidereal month by 2d. 5I1. 

It would not, however, be correct to regard the earth 



140 


MOONLIGHT. 


as the true centre of the moon’s motion. The moon is 
in reality a planet circling round the sun, but largely 
perturbed by the attraction of its companion planet 
the earth. If the moon’s path in the course of a year 
were carefully drawn to scale, or, better, were modelled 
by means of a fine wire, it would scarcely be distinguish- 
able from a similar picture or model of the earth’s path 
round the sun. Or thus, the entire width of the moon’s 
track is about 477,636 miles, while the diameter of the 
orbit along which she and the earth both travel is nearly 
104,000,000 miles, or 385 times as great. If we draw 
then a circle 3-j^ inches in diameter to represent the 
earth’s path round the sun, somewhat eccentrically placed, 
and the circular line is i-iooth of an inch wide, the 
moon’s track would be fairly represented by a curve 
touching alternately the inside and the outside edge of 
this circular line, at equidistant points dividing the 
circle into about 24I parts. 

Regarding the moon as a planet, she may be said to 
have a year, and seasons, and day and night, as the 
earth has, but very unlike our seasons and days. Her 
axis is inclined only ij degrees from uprightness to 
her path, whereas our earth’s axis is inclined 23^ 
degrees. The sun’s range of mid-day altitude is in fact 
not quite equal to the range of our sun in mid-day 
height, from four days before to four days after either 
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spring or autumn. The lunar day lasts a lunar month, 
daytime and night-time each lasting rather more than 
a fortnight The lunar year of seasons is not, as is 
commonly stated, the same in length as ours. She 
goes round the sun in the same time, so that her side- 
real year is the same as ours ; but owing to the sway- 
ing round of her axis her year of seasons or tropical 
year is shorter. Our tropical year is also shorter than 
the sidereal year, but very little shorter, because the 
earth’s axis sways round once only in 25,868 years. The 
moon’s axis sways round once in i8£ years, and accord- 
ingly the year of seasons is much more effectively 
shortened. It lasts, in fact, only 346d. 14b. 34m. of 
our time; and contains only ii£- lunar days. So that 
I cannot altogether agree with Sir W. Herschel’s state- 
ment, that “the moon’s situation with respect to the 
sun is much like that of our earth, and by a rotation on 
its axis it enjoys an agreeable variety of seasons, and of 
day and night.” 

When the moon is examined with a telescope her 
surface is seen to be marked by many irregularities. 
There are large dark regions which were formerly 
thought to be seas, but are now know to be land- 
surfaces. Some of these regions are singularly level, 
and have been thought to be old sea-bottoms. Moun- 
tains and mountain ranges are another important feature 
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of the moon's surface. Some, like our Rocky Mountains 
and Andes, form long continuous chains; others form 
elevated plateaus whence ridges extend in various direc- 
tions. A very striking form is that of narrow ridges little 
raised above the general level, but reaching over enormous 
areas of the moon's globe. It is a system of this kind, 
radiating from a great lunar crater called Tycho, which 
gives to small photographs of the moon the appearance of 
a peeled orange. They are supposed to indicate the 
action of tremendous forces of upheaval, in past ages, 
bursting open portions of the moon's crust. 

But the most characteristic of all the lunar features 
are the crater mountains, which exist on a scale not 
only much larger relatively to the moon's globe than 
the scale on which terrestrial craters are formed, but 
much larger absolutely. They are also far more nume- 
rous. Some parts of the moon's surface, especially in 
the bright south-western quarter of her face, are literally 
crowded with craters of various dimensions. 

There are few signs of the former emission of lava 
from the lunar craters. Within some of them recent 
changes have been suspected. A remarkable instance 
is that of the crater Linn£, marked in Madler's map as 
a deep, well-walled crater, some four miles in diameter. 
At present only a small crater can be seen in its place. 
The surrounding region is rather conspicuously bright. 
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It is not necessary to infer that there has been any 
volcanic disturbance, however. Far more probably the 
walls have been thrown down through the long-continued 
action of that alternate expansion and contraction, which 
must affect the moon's crust as the long fortnightly day 
proceeds, and then the equally long lunar night 
There are many well-marked valleys on the moon, 
besides clefts and ravines. The features called rilles are 
among the most perplexing objects on the moon's surface. 
Webb, in his charming and most useful little book, 
“Celestial Objects for Common Telescopes,” thus de- 
scribes them : “ These most singular furrows pass chiefly 
through levels, intersect craters (proving a more recent 
date), reappear beyond obstructing mountains, as though 
carried through by a tunnel, and commence and termi- 
nate with little reference to any conspicuous feature 
of the neighbourhood. The idea of artificial formation 
is negatived by their magnitude ; they have been 
more probably referred to cracks in a shrinking surface.” 
Some observations would seem to show that they have 
been formed from rows of closely-adjacent small craters. 
Faults , also, or closed cracks where the surface is higher 
on one side than on the other, have been recognised 
from the careful study of the shadows on the moon’s 
disc. 

From measurements of the shadows of lunar moun* 
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tains, it appears that their average height is about five 
miles. In comparing this elevation with that assigned 
to terrestrial mountains, it must be remembered that 
these are measured from the sea-level; if the average 
height of terrestrial mountains were determined with 
reference to the sea-bottom it would be far greater. Still, 
even taking this circumstance into account, the average 
height of the lunar mountains bears a far greater ratio to 
the diameter of the globe on which they stand than the 
average height of our mountains to the earth’s diameter. 

Several circumstances agree in showing that the moon’s 
atmosphere must be exceedingly rare. The shadows of 
lunar mountains are either actually black or nearly so. 
When the moon hides the sun in total eclipse, no sign 
can be seen of any refractive effort exerted on the sun’s 
rays. When a star is hidden (or occulted) by the moon, 
the star vanishes in an instant and reappears with equal 
suddenness. It is certain from these phenomena that 
the Tnuon has either no air, or air exceedingly tenuous. It 
is equally clear that she has no water, for if she had w r e 
should undoubtedly be able to recognise the occasional 
formation or dissipation of mist and vapour over parts of 
the moon’s surface. No signs of such phenomena have 
ever been observed. The moon is certainly at present a 
waterless globe, so far at least as her surface is concerned. 

It has been thought that though there is no water and 
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very little air on the side of the moon turned towards the 
earth, there may be both water and air on the farther 
unseen side. The theory has been long since given up, 
but the reasoning on which it depends is worth noting. 
Owing to the strange circumstance that the moon rotates 
on her axis in the same time in which she revolves round 
the earth, she always presents the same face towards the 
earth, or very nearly so. If her axis were exactly square 
to the path in which she circuits the earth, and if she 
revolved at a uniform rate, we should have exactly the 
same side constantly turned towards us. But as the axis 
is inclined about from uprightness to the path round 
the earth (which, be it remembered, is not in the same 
plane as the path round the sun, but inclined 5 0 8' 
to it), the northern and southern parts of the moon 
are alternately swayed over by about 6f° into view. 
This apparent swaying is called a libration, and the 
libration just described is called the libration in latitude. 
Again, as. the moon does not travel at a uniform rate 
round the earth, but faster than her mean rate when 
nearer to us, and slower when farther from us, she alter- 
nately gains and loses in her motion of revolution as 
compared with her motion of rotation, by a quantity 
varying between 5 0 and 7 J°, to which varying extent the 
parts east and west of her mean disc are alternately 
swayed into view. This is called the libration in 
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longitude. Thus we see, beyond the edge of the mean 
half turned towards us, a considerable fringe of the other 
half. If a globe, as PAP'B, fig. 15, were divided into two 
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halves to represent the farther and nearer halves of th/-‘ 
moon, and held so that that dividing circle were seen P s 
PEP' in the figure, then Ppep'P' would represent j the 
part brought into view at different times by the appar €nt 
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swaying described above ; while Vpep’Y would represent 
the parts swayed out of view. The regions thus alter- 
nately in view and out of view have their greatest breadth, 
not at the poles or east and west, but at mMm and 
m'M'm', where the two librations act together. The 
narrow fringe bordering these regions is that brought 
into or out of view by changes in the place of the observer 
on earth, due to the earth’s rotation. It is called the 
parallactic fringe, any change in the apparent position of 
a heavenly body, or part of one, on account of the earth’s 
rotation, being termed parallax . 

Lastly, let us return to the consideration of moonlight, 
as depending on the condition of the moon’s surface. 
To one who observes the moon as seen on the sky, her 
light appears white ; but it must not be supposed that 
she is a white body. Careful estimates of the quantity 
of light she reflects show that she is more nearly black 
than white, though in reality she is neither one nor the 
other. It has been said, and truly, that if the surface of 
the moon were covered with black velvet she would still 
appear white ; for even black velvet reflects some light, 
and whatever light the moon reflected would show her 
by contrast with the blackness of the sky, as a luminous 
body or white. It follows from the observations made 
by Zollner that if the moon’s surface were covered with 
white snow she could give us about 4$ times as much 
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light as she actually does. If she were covered with 
white paper she would give more than 4 times as much 
light as she does. If she had a surface of white sand- 
stone her light would be nearly half as great again as it 
is. She gives rather more light than she would if her sur- 
face consisted entirely of weathered grey sandstone, or 
of clay marl, and more than twice as much light as she 
would give if her surface were of moist earth, or dark 
grey syenite. As some parts of her surface are obviously 
much brighter than others, we must infer that some 
parts shine with much more, and others with much less, 
brightness than weathered grey sandstone. Probably 
some parts are much brighter than white sandstone, and 
some much darker than dark grey syenite. From the 
degree in which her lustre changes with her changing 
aspect, Zollner infers that her mountains have an average 
slope of about fifty- two degrees. 
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THE PLANET MARS. 

VERY one who notices the stars at all, — 
and who that thinks and can see does not ? 
— must have observed during the autumn 
of 1877 two bright stars in the southern heavens. One 
of these shone with a lustre which but for its ruddy hue 
would have caused the star to be taken for the planet 
Jupiter; the other shone with a somewhat yellowish 
light, and was much fainter, though surpassing most of 
the fixed stars in brightness. The former was the planet 
Mars, the latter the ringed planet Saturn. The motions 
of these two stars with respect to each other and to 
the neighbouring stars were sufficiently conspicuous to 
attract attention. During October these stars attracted 
still more attention, because they drew nearer and nearer 
together, to all appearance, until on November 4th 
they were at their nearest, when the distance separat- 
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in g them was about one-third the apparent diameter 
of the moon, so that in a telescope showing at one view 
the whole disc of the moon, Mars and Saturn on the 
night of November 4th appeared like a splendid double 
star, the primary a fine red orb, the companion a smaller 
body, but attended by a splendid ring system and com- 
panion moons. 

It was strange when we looked at these two stars, the 
yellow one apparently much smaller than the brighter, 
and the pair seemingly close together, to consider how 
thoroughly the reality differed from these appearances. 
The fainter and seemingly the smaller of the two stars 
was in reality some four thousand times larger than the 
brighter, and had, among eight orbs attending upon it, 
one nearly as large as the ruddy planet which as actu- 
ally seen so completely outshone Saturn himself. Again, 
instead of being near each other, those two bodies were in 
reality separated by a distance exceeding some sixteen 
times that which separated us from the nearer of the two. 

I propose now to consider some of the more interest- 
ingcharacteristics of these two planets, presenting specially 
those features which mark Saturn as the representative 
of one family dF bodies, and Mars as the representative 
of another and an entirely different family. 

It will be well to consider Mars first; for although, 
aa will presently be seen, Saturn came earlier of the two 
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to the portion of his path where he was most favourably 
seen, there was nothing specially remarkable about the 
approach of Saturn on that occasion, whereas Mars in 
the year 1877 made a nearer approach to the earth 
than he has for thirty-two years past, or will for some 
forty-seven years to come. 

In the first place, let us note the apparent paths 
on which the two planets have been and are now 
travelling. 

Fig. 16 presents that part of the zodiac along which lay 
the apparent paths of Mars and Saturn in 1877. The 
stars marked with Greek letters belong to the constellation 
Aquarius, or the Water-Bearer (his jar is formed by the 
stars in the upper right-hand comer of the picture), — with 
a single exception, the star marked k , which, with those 
close to it not lettered, belongs to the constellation Pisces, 
or the Fishes. Thus the loops traversed by the two 
planets in 1877 both fell in the constellation of the 
Water-Bearer ; but, as will be seen from the symbols on 
the ecliptic, these loops lie in the zodiacal sign Pisces, 
which begins at k and ends at r. The signs have long 
since passed away, in fact, from the constellations to 
which they originally belonged. 

It will be noticed that Mars described a wide loop 
ranging to a considerable distance from the ecliptic (or 
cun’s track). Saturn, on the other hand, travelled on a 
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narrow and shorter loop lying much nearer to the ecliptic, 
his whole track, except just where he was turning, — his 
stationary points, — lying nearly parallel to the ecliptic. 
It may be well to mention the reason of this well-marked 
difference. Mars does not in reality range even quite so 
widely from the plane of the ecliptic as Saturn does. Nay, 
his path is even less inclined to the ecliptic. (This may 
sound like repetition, but the inclination of a planet’s 
path to the ecliptic is one thing, the range of the planet 
north and south of the ecliptic, in miles, is another. 
Mercury, for example, has of all planets the path most 
inclined to the ecliptic, but Mercury never attains any- 
thing like the same distance from the plane of the ecliptic 
which is attained by the remote planet Uranus, whose 
path is of all others the least inclined to the plane ot 
the ecliptic. In fact, none of the planets, except Venus 
and Mars, have so small a range from the ecliptic in 
actual distance as Mercury has.) The reason why the 
range of Mars from the ecliptic appeared so much greater 
than that of Saturn, in 1877, is similar to the reason why 
Mars, though much smaller than Saturn, largely outshone 
him. Mars looked larger because he was nearer, his loop 
looked larger because his real path was nearer. For the 
same reason that a hut close by seems to stand higher above 
the horizon than a palace at a distance, or a mountain 
yet further away, so the displacement of Mars from the 
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ecliptic plane appeared greater than that of Saturn, though 
in reality much less. 

Let us consider how the paths of these planets are 
really situated. I know of no better way of showing this 
than by drawing the paths of the two families of planets 
separately. It is in fact utterly impossible to give an 
accurate yet clear view of the solar system in a single 
picture ; and the student may take it for granted that 
every drawing or plate in which this has ever been 
attempted is from one cause or another misleading. 

In figs. 17 and 18 the shape and position of the plane- 
tary paths are correctly shown. Very little description is 
necessary, but it may be mentioned that on each orbit 
the point nearest to the sun is indicated by the initial 
letter of the planet, while the point farthest from the sun is 
indicated by the same letter accented. The places where 
each path crosses the plane of the earth’s — which is sup- 
posed to be the plane of the paper — are marked $ and 
the former sign marking where the planet in travelling 
round in the direction shown by the arrows crosses the 
plane of the earth’s path from below upwards, while the 
latter marks the place where the planet in travelling round 
crosses the plane of the earth’s path from above down- 
wards. 

Fig. 17 shows the paths of the inner family of planets 
of which our earth is a member. Fig. 18 shows the outer 
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family of planets, and inside of it the ring of small 
planets called asteroids. Inside that ring, again, we see 
the paths of the inner family of planets; but they 
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Fig. 17. —The path* of Mercury, Venus, the F.arth. and Mari, around the Sun. 


appear on a very small scale indeed. In fact, the 
scales appended to the two figures show that adength 
which represents jo, 000, 000 miles in fig. 17, represents 
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1,000,000,000 miles in fig. 18 ; or, in other words, the 
scale of fig. 1 8 is only one-twentieth of the scale of 
fig. 17. On the scale of fig. 17 the sun would be fairly 



Fig. 18. — ' Tht paths of Jupiter, Saturn, Uranus, and Neptune, around theringaf 
small planets. 

represented by an ordinary pin hole ; on the scale of fig. 
18 the sun would be scarcely visible. The dots round 
the orbits show the planets’ places at intervals of io 
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days in fig. 17, and of 1000 days in fig. 18, starting always 
from the left side of orbit (on horizontal line through sun). 

Now looking at fig. 18 and noting how small is the 
distance of the path of Mars from the earths path, com- 
pared with the distance of Saturn’s path, we understand 
why Saturn, despite his far superior size, shines far less 
brightly in our skies than Mars does. In fact, in Octo- 
ber, 1877, the Earth and Mars were on the parts of their 
tracks which lay nearest together, that is, the parts occu- 
pying the lower right-hand comer of fig. 17 ; and turning 
to fig. 18, we perceive that the distance separating the 
two paths here is very small indeed compared with 
Saturn’s distance. 

So that, when we looked at Mars and Saturn as they 
shone in conjoined splendour in our skies, in 1877, 
we saw in the bright orb of Mars the planet whose 
track lies nearest to us in that direction, whereas in 
looking at Saturn the range of view passed athwart 
the track of Mars, through the ring of asteroids, and 
past the orbit of Jupiter, before entering the wide and 
barren region which separates the orbits of the two giant 
members of the solar system. 

We study Mars under much more favourable con- 
ditions than either Jupiter or Saturn. And yet, at a 
first view, the telescopic aspect of this interesting planet 
is exceedingly disappointing. Galileo, who quite easily 
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discovered the moons of Jupiter with his largest telescope 
could barely detect with it the fact that Mars is not quite 
round at all times, but is seen sometimes in the shape of 
the moon two or three days before or after full. “ I dare 
not affirm,” he wrote on December 30, 1610, to his 
friend Castelli, “ that I can observe the phases of Mars; 
yet, unless I mistake, I think I already perceive that he 
is not perfectly round.” But even in a large telescope 
one can see very little except under very favourable con- 
ditions. It has only been by long and careful study, 
and piecing together the information obtained at various 
times, that astronomers have obtained a knowledge of 
the facts which appear in our text-books of astronomy. 
The possessor of a telescope who should expect, on 
turning the instrument towards Mars, to perceive what 
he has read in descriptions of the planet, would be con- 
siderably disappointed. 

First noticed among the features of the planet were 
two white spots of light occupying the northern and 
southern parts of his disc. These are now known to be 
regions of snow and ice, like those which surround the 
poles of our own earth. But how different the reality 
must be from what we seem to see ia the telescope ! 
These two tiny white specks represent hundreds of thou- 
sands of square miles covered over with great masses of 
snow and ice, which doubtless are moved by disturbing 
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forces similar to those which make our arctic regions for 
the most part impassable even for the most daring of our 
seamen. 

The snow-caps of Mars change in size as the planet 
circuits round the sun, completing his year of seasons 
(which lasts 687 of our days). They are largest in the 
winter of Mars, smallest in the Martian summer ; so that, 
as it is winter for one hemisphere when it is summer for 
the other, one of the snow-caps is larger than the other at 
the winter and summer seasons. In the same way, our 
arctic snows extend more widely during our winter, while 
the antarctic snows then retreat ; whereas, during our 
summer, when it is winter in the southern hemisphere, 
the antarctic snows advance and our arctic snows retreat 

But we have still to learn why these white spots are 
known to be masses of snow. They might well from 
analogy be considered to be snows, since they behave 
like the snows of our polar regions. Yet that would be 
very different from proving them to be snow masses. I 
shall now show how this has been done, and afterwards 
describe the lands and seas of the planet, and give a 
short account of the recent interesting discovery of two 
moons attending on the planet which Tennyson had 
called the “ moonless Mars.” 


Even before the poles of Mars had been discovered 
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observers had perceived that the planet has marks upon 
its surface. Cassini, in 1666, at Paris, found by observing 
these spots that the planet turns on its axis once in about 
twenty-four hours forty minutes. In the same year Dr. 
Hooke observed Mars. He was in doubt whether the 
planet turned once round or twice round in about twenty* 
four hours ; for with his imperfect telescope two opposite 
faces of the planet seemed so much alike that he was 
doubtful whether they really were two different faces o* 
the same. Fortunately he published two pictures of tne 
planet, taken on the same night in March, 1666, and we 
have been able to keep such good count of Mars’s turning 
on his axis, that we know exactly how many times he has 
turned since that distant time. However, at present, we 
need not further consider the turning motion of Mars, 
but rather what the telescope has shown us about him. 
Only, let it be remembered that he has a day of about 
twenty-four hours thirty-seven minutes, and is in this 
respect much like our earth. 

Maraldi, Cassini’s nephew, early in the last century 
observed several spots on Mars, and, in particular, one 
somewhat triangular dark spot, which was one of Hooke’s 
markings, but more clearly seen by Maraldi. About this 
time it was seen that the darker markings have a some- 
what greenish colour ; and towards the end of last 
century, or, more exactly, about a hundred years ago*. 


11 
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the idea was maintained by Sir W. Herschel that the 
dark-greenish markings are seas, while the lighter parts 
of Mars, to which the planet owes its somewhat ruddy 
colour, are lands. Sir W. Herschel also was the first to 
show that Mars, like our earth, has seasons. It had 
been supposed by Cassini, Maraldi, and others, that the 
axis of Mars is upright to the level of the path in which 
he travels. Of course, if this were so, the light of the 
sun would always fall on the planet in the same way ; for 
the sun is in that level. But the axis, like that of our 
own earth, is bowed considerably from uprightness ; so 
that at one part of his year the sun’s rays fall more 
fully on his northern regions, and his southern regions 
are correspondingly turned away from the sun ; then it 
is summer in his northern regions, winter in his southern 
At the opposite season the reverse holds, and then winter 
prevails over his northern and summer over his southern 
regions. Midway between these two seasons, the sun’s 
rays are equably distributed over both hemispheres of 
Mars, and then the days and nights are equal, and it is 
spring in that hemisphere which is passing from winter 
to summer, and autumn in the other hemisphere which 
is passing from summer to winter. All these changes 
are precisely like those which take place in the case of 
our own earth. Only, the year of Mars, and therefore 
his seasons, are longer. He takes 687 days in travelling 
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round the sun, giving nearly 172 days, or more than five 
and a half of our months, for each season. 

Figs. 19, 20, and 21 are three views of Mars, drawn 
by Mr. Nathaniel Green, an excellent observer, who has 
paid special attention to this planet. Fig. 19 shows a 
faintly-marked sea running north and south (the upper 
part of the picture being the south, because that is the 
way in which the telescope used by astronomers inverts 
objects.) This is one of the markings which deceived 
Hooke. This picture was drawn on May 30, 1873, at 
half-past seven in the evening. The second picture was 
drawn two days earlier, at eight in the evening ; but it 
shows the planet as it would have looked on May 30 
at about a quarter past nine in the evening, by which 
time the sea running north and south had been carried 
over to the right and lost to view. But another north 
and south sea had come into view on the right. The 
third picture shows a view taken three hours later, or at 
eleven on May 28, when the planet appeared precisely 
as he would have appeared at a quarter past eleven in 
the early morning of May 31, had weather then per- 
mitted Mr. Green to continue his observations. You 
see in it the great north and south sea which Maraldi had 
noticed, the other of those two which had deceived Hooke. 

It will be seen from these drawings, which, be it 
remembered, were taken at the telescope, that it is 
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possible from a great number of such drawings to make 
a chart of Mars, showing its lands and seas not as they 
are seen in the telescope, but as they might be laid down 
by inhabitants of Mars in a map or planisphere. This 
has been done, with gradually increasing accuracy, — first 
by Sir W. Herschel, next by Beer and Madler, then by 
Phillips, and lastly by myself. (In claiming for my own 
chart greater accuracy, I am simply asserting the superior 
completeness of the list of telescopic drawings which 
I was able to consult.) The result is shown in the 
accompanying chart (fig. 22), which presents the whole 
surface of Mars divided into lands and seas and polar 
snows, with the names attached of various observers who 
have at sundry times contributed to our knowledge of 
the planet’s features. 

But now it will be asked by the thoughtful reader, how 
can any one possibly be sure that the regions called con- 
tinents and seas do really consist of land and water? 
At any rate, the doubt might well be entertained respect- 
ing the water. For land is a wide term, including all 
kinds of rock surface, sand, earthy soil, and so forth; 
but it may seem to require proof that the substance we 
call water really exists out yonder in space, either in the 
form of snow and ice at the Martian poles, or as flowing 
water in the Martian seas, or in the vaporous form in the 
olanet’s air. 
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Very strange, then, at first must the statement seem, 
that we are as sure of the existence of water in all these 
forms on Mars as if we had sent some messenger to the 
planet who had brought back for study by our chemists a 
block of Martian ice, a vessel full of Martian water, and 
a flask of Martian air saturated with aqueous vapour. 
Indeed, I do not know of any discovery effected by man 
which more strikingly displays the power of human in- 
genuity in mastering difficulties w'hich, at a first view, 
seem altogether insuperable. When w r e know that a 
mass of ice as large as Great Britain would appear at 
the distance of Mars a mere bright point ; that a sea as 
large as the Mediterranean w'ould appear like a faint, 
greenish-blue, streak ; and that cloud masses such as 
would cover the w r hole of Europe would only present 
the appearance of a wBitish glare, how hopeless seems 
the task of attempting to determine what is the real 
chemical constitution of objects thus seen! It might 
well be thought that no possible explanation of the 
method used by astronomers could serve to establish 
its validity. Yet nothing can be simpler than the 
principle of the method, or more satisfactory than its 
application in this special case. 

First, let the reader rid his mind of the difficulty 
arising from the enormous distance of the celestial 
bodies. To do this let him note that there are some 
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things which a body close by can tell us no more cer- 
tainly than a remote body. For instance, we are just as 
certain that Mars is a body capable of reflecting sunlight 
as we are that a cricket-ball is. We know as certainly, 
too. that the quality of Mars is such that more of the red 
of the sun’s light is sent to us than of the other colours. 
For we perceive that Mars is a ruddy planet. Since 
distance in no way interferes with our perception of 
these general facts, and others like them, we need not 
necessarily find in mere distance any difficulty in the 
way of recognising some other facts. All that we require 
to be shown before admitting the validity of the evidence 
is, that it is of such a kind that distance does not affect 
its quality , however much distance may and must affect 
the quantity of evidence. 

Now there is a means of taking the light which comes 
from a body shining either with its own or with reflected 
light, and analyzing it into its component colours. The 
spectroscope is the instrument by which this is ac- 
complished. I do not propose to describe here the 
nature of this instrument, or the details of the various 
methods in which it is employed. I note only that it 
separates the rays of different colour coming from an 
object, and lays them side by side for us, — the red rays 
by themselves, the orange rays by themselves, and so 
with the yellow, green, blue, indigo, and violet. And 
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not only are the rays of these colours set by themselves, 
but the red rays are sorted in order, from the deepest 
brown-red" to a tint of red (the lightest) which must 
almost be called orange; the orange in order, from orange 
which must almost be called red to a tint (the lightest 
orange) which must almost be called yellow ; the yellow, 
from an almost orange yellow to a yellow just beginning 
to be tinged with green; the green, from an almost yellow 
green (the lightest) to a green which may almost be called 
blue (the darkest) ; the blue, from this tint to the begin- 
ning of the indigo ; the indigo, from this tint to the first 
rays of the violet ; and lastly the violet, through all the 
tints of this beautiful colour to a blackish-brown violet, 
where the visible spectrum ends. All these tints are 
sorted in order by the spectroscope, just as a skilful 
colourist might range in due sequence a myriad tints of 
colour. But this is only true of really white light, such 
light as comes from a glowing mass of metal burning at 
a white heat. ^In other cases (even when the light may 
seem white to the eye) some of the tints are found, when 
the spectroscope spreads out the colours for us, to be 
missing. And we know that this may be caused in two 
ways. Either the source of light never gave out those 

*' Brown is not the right word for the tint of red where the visible 
spectrum begins. I know, however, of no word properly expressing 
the colour. 
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missing tints ; or, the source of light gave them out, but 
some absorbing medium stopped them on their way 
before they reached the spectroscope with which we 
examine them. There may be cases where we cannot 
tell very easily which of these is the true cause. But 
sometimes we can, as the instances I have now to deal 
with will show you. 

The sun’s own light shows under this method of 
spectroscopic analysis millions of tints, in fact I might 
say millions of red tints, and so forth, right through the 
spectral list of colours. But also many thousands of 
tints are wanting. Imagine a rainbow-coloured ribbon, 
the colours ranged along its length, so that the ribbon is 
black at both ends, and that from the black of one end 
the colour merges into very deep red, and thence by in- 
sensible gradations through orange, yellow, green, blue, 
indigo, and violet, into the black of the other end. 
Then suppose that tens of thousands of the fine threads 
which run athwart the ribbon — i.e., the short cross 
threads — are drawn out. Then the ribbon, laid on a 
dark background showing through the spaces where the 
threads were drawn out, would represent the solar spec- 
trum. We know then that the light of the sun’s glowing 
mass either wants particular tints originally, or shines 
through vapours which prevent the free passage of rays 
of those colours. Both causes might be at work, not 
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one only. At present we are not concerned with this 
particular point ; but I only mention that, in reality, no 
tints are actually wanting, though some are very much 
enfeebled. 

The sun’s light falling on any opaque object is re- 
flected. If the object is white, the light gives exactly 
the same spectrum, only fainter. Thus, I take a piece 
of white paper on which the sun’s rays are falling, and 
examine its light with one of Brownings spectroscopes. 
I get the ordinary solar spectrum. The cold white 
paper gives me in fact a spectrum which speaks of a 
heat so intense that the most stubborn metals are not 
merely melted but vaporized in it But this heat resides 
in the sun, not in the paper. 

Now, speaking generally, Mars also sends us sunlight, 
so that when we spread out with the spectroscope the 
rays coming from this planet, we get the solar spectrum, 
only of course very much enfeebled. But close examina- 
tion shows that other tints besides those missing from 
the solar spectrum are missing from the spectrum of 
Mars. He reflects to us the sunlight, almost as it 
reaches him, but he abstracts from it a few tints on his 
own account. 

When we inquire what these tints are, we find tha* 
they are tints which are sometimes wanting even from 
direct sunlight. When the sun sinks very low and looks 
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like a great red ball through the moisture-laden air, his 
spectrum is not the same exactly as that of the sun 
shining high in the mid heaven. It shows other gaps 
than those corresponding to the ordinary myriads of 
missing tints. Its red colour shows indeed that some 
thing has happened to the sunlight ; but, oddly enough 
(at first sight at least), the gaps are chiefly in the red 
part of the spectrum, just what one would expect if the 
sun’s light showed a want instead of an excess of ruddy 
light. The fact is, however, that the violet, indigo, and 
blue are weakened altogether, not by the mere abstraction 
of tints here and there. The red suffers under a few 
abstractions of tint, but remains on the whole little 
weakened. Now the same gaps which at such times 
appear in the spectrum of the sun are found (generally, 
if not always) in the spectrum of the planet Mars, even 
when he is shining high in the heavens, so that his light 
is not at the time absorbed by the denser portions of our 
air. In fact the gaps have been seen in the spectrum of 
Mars when the planet has been shining higher in the 
heavens than the moon, whose spectrum was found on 
trial (at the time) not to show the same gaps, — as of 
course it must have done, and even more markedly, if 
the missing tints had been abstracted by our own air. 

No doubt can remain, then, that the sun’s light, which 
reaches us after falling on Mars, has suffered at Mars 
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the same absorption which our own air produces on the 
rays of the sun when he is low down. But we know 
what it is in our air which causes this absorption. It is 
the aqueous vapour. We know this from several inde- 
pendent series of researches. It was proved first by an 
American physicist, Professor Cooke of Harvard, who 
found that these lines in the red are always darker when 
the air is moister. Then by Janssen, who observed the 
spectrum of great bonfires lit at a distance of many miles, 
on the Swiss mountains, finding these same lines in the 
spectrum of the fire-light when the air was heavily laden 
with moisture. Wherefore we know that the air of Mars 
must also contain the same substance — the vapour of 
water — which, in our own air, produces these dark lines. 
We can, indeed, understand that the ruddy colour of 
Mars is in part due to this moisture, which, precisely as 
in our own air it makes the sun and moon look red, 
would, in the air of a planet, make the planet itself 
look red. 

But how much follows from the discovery that there 
is moisture in the air of Mars ! This moisture can only 
come from water in sufficient quantities. There must, 
therefore, be seas on Mars. We should be sure of this 
from the spectroscopic evidence, even without the evi- 
dence given by the telescope. We cannot doubt for a 
moment, however, knowing as we do how the telescope 
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shows greenish markings on Mars, that these really are 
the seas and oceans of the planet. And again, the white 
spots at the poles of Mars can no longer be regarded 
doubtfully. If we could not see them, but knew only, 
from the spectroscopic evidence, that Mars must have 
large seas, we should be sure that his polar regions must 
be covered with everlasting ice and snow, varying with 
the seasons, but always surrounding, in enormous masses, 
the poles themselves. Seeing that the telescope presents 
spots to our view which, long before the spectroscopic 
evidence had been obtained or hoped for, had been 
regarded as analogues of our polar snows, we can now 
entertain no manner of doubt that they really are so. 

But again, recognising the presence of enormous 
masses of snow and ice around the poles of Mars, and 
knowing that not only are there wide oceans, seas, and 
lakes, but that there is an atmosphere capable of earn ing 
mist and cloud, how many circumstances, corresponding 
to those which we associate with the wants of living 
creatures, present themselves to our consideration ! It 
remains that I should now consider some of these 
points. 

We have seen that Mars has water in all its forms, solid, 
liquid, and vaporous. We perceive also that his polar 
regions do not extend very much farther towards his 
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equator than do the polar ice and snows of our own 
earth. (Of course the former do not extend so far in 
actual distance ; I refer to their extent compared with 
the globe they belong to.) It would appear then, at a 
first view, that the climate of Mars cannot be very unlike 
that of our earth. Yet this is scarcely possible. For 
Mars is so much farther than we are from the sun that 
he receives less than half as much light and heat from 
that luminary. And it is not easy to conceive that the 
deficiency can be compensated by any effects due to the 
nature of the Martian air. It is more likely by far that 
this air is much rarer than that it is much denser than 
ours. For not only can it be shown that with the same 
relative quantity of air a smaller planet would have a 
smaller quantity above each square mile of its surface 
than would a larger one,* but the gravity at the surface 

•Suppose there are two planets A and Bof equal density, of which 
A has a diameter twice as great as that of B. Then the volume of A 
is tight times greater than B’s volume. So that if the volume of its 
atmosphere exceed the volume of B’s air in the same degree, the 
pi net A has eight times as much air as the planet B. But the sur- 
fa e of A is only four times as great as the surface of B ; so that 
if A had only four times as much air as B, there would be the 
same quantity of air above each square mile of A’s surface as above 
each of B’s surface. Since then A has eight times — not merely four 
times — as much air as B, it follows that A has twice as much air over 
each square mile of surface as B has. And similarly in all such cases, 
the general law being that the larger planet has more air over each 
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i>f the smaller planet being less, the air there is much 
less compressed by its own weight (having in fact much 
less weight), and is therefore rarer. Thus the probability 
is that the air of Mars is like that at (or even above) the 
summits of our highest mountains, where we know that 
an intense cold prevails. It is not that the sun’s rays do 
not fall there with as much heating power as at the sea- 
level, for experiment shows that they fall with even 
greater power. But there is less air to be warmed and 
to retain the heat The difference may be compared in 
fact to that between a well-watered country near the sea 
and an arid desert. The sun’s rays fall as fiercely on one 
as on the other, but because there is no moisture in the 
desert to receive (after the fashion characteristic of water) 
the solar heat and retain it, the heat passes away so 
soon as the sun has set, and intense cold prevails, while 
over the well-watered region the temperature is much 
more uniform, and warm nights prevail. So is it at the 
summits of lofty mountains. The sun’s rays are poured 
on them as hotly as elsewhere, but there is little air to 
retain the moisture, so that the heat passes away almost 
as quickly as it is received, and during the night as much 
fresh snow is formed as had been melted during the day. 
And so it would certainly be with Mars, if, other things 

square mile of surface in the same degree that its diameter exceeds 
t h *X of the other. 
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being the same, the air were as rare as it is at the sum- 
mits of our loftiest mountains. If, as seems probable, 
the air is still rarer than this, the cold would be still 
more intense. 

It would seem, then, that either some important differ- 
ence exists, by which the Martian air is enabled to retain 
the sun’s heat even more effectively than our air does 
(for the climate as indicated by the limits of the polar 
snows seems the same, though the distance from the 
sun is greater); or else there is some mistake in the 
supposition that the same general state of things prevails 
on Mars as on our own earth. 

I confess that though Professor Tyndall has shown 
clearly how the atmosphere of a more distant planet 
might make up for the deficient supply of solar heat, by 
more effectively retaining the heat, I know of nothing in 
either the telescopic or the spectroscopic evidence re- 
specting any of the planets which tends to show, or even 
renders it likely, that any such arrangement exists, — 
excepting always the peculiarity in Mars’s case which we 
are now endeavouring to explain. Insomuch that should 
any other explanation of the difficulty be suggested, and 
appear to have weight in its favour, I apprehend that the 
mere possibility of an atmospheric arrangement, such as 
has been suggested, should not prevent our admitting 
this other explanation. 
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I am inclined to think that there is such an explana- 
tion, It seems to me that there are good reasons for 
regarding Mars as a planet which has passed to a much 
later stage of planetary life than that through which our 
earth is now passing, and that in this circumstance some 
of the peculiarities of his appearance find their explana- 
tion. As a planet outside the earth, Mars must probably 
be regarded as one formed somewhat before the earth. 
As a much smaller planet, he would be not only less 
heated when first found (whatever theory of planetary 
formation we adopt), but would also have parted much 
more rapidly (relatively) with his heat, according to the 
same law which makes a small mass of metal cool more 
quickly than a large one. If he has a rarer atmosphere 
he would be a colder planet on that account also. Being 
also remoter from the sun, he receives less heat from 
that orb, and we thus have a fourth reason for regarding 
Mars as a much colder planet than our earth, both as to 
inherent heat and as to heat received from without. It 
seems to me that we may in this consideration find the 
real meaning of the comparatively limited extension of 
the Martian snows. It has been well pointed out by 
Professor Tyndall that for the formation of great glacial 
m&L’ses, not great cold only, but great heat also is re- 
quired. The snows which fall on mountain slopes, to be 
compacted into ice and afterwards to form great glaciers, 
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were raised into the air by the sun's heat. Every ice 
particle represents the action of that heat upon the 
particles of water at the surface of ocean, sea, or lake, or 
of wet soil. If the sun's heat suddenly died out, there 
would prevail an intense cold, and the snows and ice 
now existing would assuredly remain. The waters also 
of the earth would congeal. But no new snows would 
fall. The congealed seas viewed from some remote 
planet would appear unchanged. Tor they would not 
be covered with snow and broken ice, nor therefore 
white ; but would consist of pure ice throughout, retain- 
ing the partial transparency and greenish colour of deep- 
sea water. No winds would disturb the surface of the 
frozen seas, for winds have their origin in heat, and with 
the death of the solar heat the winds would utterly die 
out also. 

If we are to choose between these two explanations, — 
one that the snows and ice have not the great range we 
should expect, because the temperature is somehow 
raised despite Mars’s greater distance to the same tem- 
perature which we experience, and the other that it 
is not heat but cold which diminishes the quantity of 
Martian snow r , I conceive that there is every reason the 
case admits of for accepting the latter instead of the 
former explanation. As extreme cold would certainly 
prevent glacial masses from being very large and deep, 
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simply because the stores whence the ice was gathered 
would be less, the snow caps of a very cold planet would 
vary as readily with varying seasons as those of a planet 
like our earth. For though less heat would be poured 
upon them with the returning summer, less heat would 
be required to melt away their outskirts. 

I think we may fairly regard Mars as in all probability 
a somewhat old and decrepit planet. He is not abso- 
lutely dead, like our own moon, where we see neither 
seas nor clouds, neither snow nor ice, no effects, in fine, 
of either heat or cold. But I think he has passed far on 
the road towards planetary death, — that is, towards that 
stage of a planet’s existence when at least the higher 
forms of life can no longer exist upon the planet’s 
surface. 

There is one peculiarity of the planet’s appearance 
which seems strikingly to accord with this view that Mars 
holds a position intermediate between that of our earth 
and the moon, — as indeed we might fairly expect from 
his intermediate proportions. The seas of our earth 
cover nearly three-quarters of her entire globe. The 
moon has no visible water on her surface. If we 
examine the chart of Mars at page 167, we see that 
the seas and oceans of the planet are much smaller 
(relatively as well as actually) than are the seas of our 
own earth. I have carefully estimated their relative 
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extent in the following simple but effective way. I drew 
a chart such as the above-mentioned, but on a projection 
of my own invention, in which equal surfaces on a globe 
are represented by equal surfaces on the planisphere. 
Then I cut out with a pair of scissors the parts represent- 
ing land and the parts representing water (leaving the 
polar parts as doubtful), and carefully weighed these in a 
delicate balance. I found that they were almost exactly 
equal : whatever preponderance there was seemed to be 
in favour of the land. Thus, if we assume that, when in 
the same 'stage of planetary existence, Mars had as great 
a relative extent of water surface as our earth, or that 
about T 7 ^ of the surface of Mars were originally water, 
we should have to admit that the water had so far been 
withdrawn into the planet’s interior as to diminish the 
water-surface by (for there are now barely At 

a very fair assumption as to the slopes of the Martian 
sea-bottoms, it would follow that more than half the 
Martian water originally existing above the surface had 
been withdrawn into the interior, as the planet’s mas? 
gradually cooled. 

I am aware the assumption above mentioned is in 
itself somewhat daring, and is not supported by direct 
evidence. But, since we have very strong reasons for 
considering that the moon once had seas, which have 
been withdrawn in the way suggested, and since Mars 
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unquestionably holds a position midway between the 
earth and moon as to size and presumably as to age,* it 
seems not unreasonable to find in the character of her 
Seas, — less extended relatively than the earth’s, but, un- 
like the moon’s, still existing, — the evidence that she has 
gone partially through the process through which the 
moon has long since passed completely. 

I think it very likely that the recent discovery of two 
Martian satellites will lead many to look with more dis- 
favour than ever on the idea that Mars may not at 
present be the abode of life. For moons seem so mani- 
festly convenient additions to a planet’s surroundings, as 
light-givers, time-measurers, and tide-rulers, that many 
will regard the mere fact that these conveniences exist as 
proof positive that they are at this present time subserving 
the purposes which they are capable of subserving. I 
would point out, however, that our own moon must have 
existed for ages before any living creatures, far less any 
reasoning beings, could profit by her light, or by the 
regularity of her motions, or by her action in swaying the 
waters of ocean. And doubtless she will continue to 
exist for ages after all life shall have passed away from the 

* By age here I do not mean absolute age, but relative age. I 
speak of Mars and the Moon as older than the earth in the same 
sense that I should speak of a fly in autumn as older than a five-year- 
old raven. 
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earth. Again, there can be no question that our earth 
would present a most attractive scene if she were viewed 
from the moon, and would be a most useful ornament of 
the lunar skies. Yet we have every reason to believe 
that there is not a living creature on the moon at present 
to profit by her light. The case may well be the same 
(apart from the actual evidence that it is the same) with 
Mars. His satellites may long since have served most 
useful purposes to his inhabitants ; but it by no means 
follows that because if there were inhabitants on Mars 
now the same purposes would still be subserved, therefore 
there are inhabitants there. 

Let us, however, without considering the question 
whether the satellites of Mars serve such special purposes 
for creatures living on the planet, consider briefly the 
history of their discovery, their nature, and the laws of 
their motion around the planet. 

Astronomers had long examined the neighbourhood of 
Mars with very powerful telescopes, in the hope of disco- 
vering Martian moons. But the hope had so thoroughly 
been abandoned for many years that the planet had come 
to be known as " moonless Mars.” The construction, how- 
ever, of the fine telescope which has been mounted at 
Washington, with an object-glass twenty-six inches in 
diameter, caused at least American astronomers to hope 
that after all a Martian moon or two might be discovered. 
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Taking advantage of the exceptionally favourable oppor- 
tunity presented during the planet’s close approach to 
our earth in the autumn of 1877, Prof. Asaph Hall, of the 
Washington Observatory, paid special attention to the 
search for Martian moons. At last, on August 16, 1877, 
he detected close by the planet a faint point of light, 
which he was unable to examine further at the time (to 
see if it behaved as a satellite, or as one of the fixed stars). 
But on the 18th he saw it again, and determined its nature. 
He also saw another still fainter point of light closer to 
the planet ; and subsequent observations shewed that this 
object also was a satellite. During the next few weeks 
both the moons were observed as closely as possible, in 
fact, whenever weather permitted, and the result is that 
we now know the true nature of their paths. 

In fig. 23 these paths are shown as they appeared in 
1877. Of course the paths themselves are not seen; 
but if the satellites left behind them a fine train or wake 
of light, the shape of this train would be as shown in fig. 
23. The satellites themselves could not be shown at all 
in a picture on so small a scale — the diameter of either 
would certainly be less than the cross-breadth of the fine 
elliptical line representing its track. The size of the 
planet is correctly indicated, and the true pose of the 
planet in 1877 is shown in the figure, his southern 
pole being somewhat bowed towards the earth. This is 
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the uppermost pole ; for the figure represents the planet 
and his satellites’ orbits as they would appear in an as- 
tronomical telescope, which inverts objects. 

The outer satellite is probably not more than ten 
miles or so in diameter, the inner one, perhaps, the 
same; but neither can be measured. In the most 
powerful telescopes they appear as mere points of light. 



rig. 23. —Mars and the paths of the Martian satellites as at present situated. 

Nor is it easy to determine, from their lustre, or rather 
from their faintness, their true dimensions ; for we can- 
not compare them directly in this respect with objects of 
known size, because their visibility is partly affected by 
the proximity of the planet, whose overpowering light 
dims their feeble rays. This remark applies with special 
force to the inner satellite. 

The distance of the outer satellite from Mars’s centre 
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is about 14,300 miles, from Mars’s surface about 12,000 
miles. The inner travels at a distance of about 5,750 
miles from the centre, and about 3,450 miles from the 
surface of Mars. 

The motions of the satellites as seen from Mars must 
De very different from those of our own moon. Thus, 
our moon moves so slowly among the stars that she 
requires nearly an hour to traverse a distance equal to 
her own apparent diameter. The outer moon of Mars 
traverses a similar distance — that is, not her own ap- 
parent diameter, but an arc on the stellar heavens equal 
to our moon’s apparent diameter — in about two and a 
half minutes, while the inner moon moves so rapidly as 
to traverse the same distance in about forty seconds. 
To both moons, therefore, but to the inner in particular, 
Job’s description of our moon as “ walking in brightness ” 
would seem singularly applicable, so far at least as the 
rapidity of their motions is concerned. Their brightness, 
however, cannot be comparable to our moon’s. For 
notwithstanding their much greater proximity, it is easily 
shown that they must present much smaller discs, and 
being illuminated by a more distant sun, their discs can- 
not shine % so brightly as our moon’s. That is, not only 
are the discs smaller, but their intrinsic brightness is less. 
Assuming the outer moon to be ten miles, the inner 
fifteen miles in diameter, it is easily shown that the two 
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together, if full at the same time, can hardly give one- 
twelfth as much light to Martians as our moon gives to 
us. 

Yet there can be no doubt that the Martian moons must 
be (or have been ) most useful additions to the Martian 
skies. They do not give a useful measure of time inter- 
mediate in length between the day and the year, as our 
moon does ; for the outer travels round the planet in 
about thirty and a quarter hours, the inner in about seven 
and a half hours. Nor can they exert an influence upon 
the Martian seas corresponding to that exerted by our 
own moon in generating the lunar tidal wave. But their 
motions must serve usefully to indicate the progress of 
time, both by night and by day, for they must be 
visible by day unless very close to the sun. They must 
be even more useful than our moon in indicating the 
longitude of ships at sea, seeing that the accuracy with 
which a moon indicates longitude is directly proportional 
to her velocity of motion among the stars. 

I have said that there does not seem to be any valid 
reason for considering that now is the accepted time with 
these moons ; their services may have been of immense 
value in long past ages, and now be valueless for want of 
any creatures to be benefited by them. But those who 
not only believe that no object in nature was made with- 
out some special purpose, but that we are able to assign 
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to each object its original purpose, should be well satisfied 
if they find reason for believing that, during millions 
of years long, long ago, the moons lately discovered by 
our astronomers were measuring time for past races of 
Martians, swaying tides in wider seas than those which 
now lave* the shores of Martian continents, and enabling 
Martian travellers to guide their course over the trackless 
ocean and arid desert with far greater safety than can our 
voyagers by sea and land despite all the advances of 
modem science. 




X. 



THE PLANET JUPITER. 

WO or three years ago I had occasion to con- 
sider in the Day of Rest the giant planet 
Jupiter, the largest and most massive of 
all the bodies circling around the sun. I then pre- 
sented a new theory respecting Jupiter’s condition, to 
which I had been led in 1869, when I was visiting other 
worlds than ours. Since then, in fact within the last few 
months, observations have been made which place the 
new theory on a somewhat firm basis; and I propose 
now briefly to reconsider the subject in the light of these 
latest observations. 

In the first place I would call the reader’s attention to 
the way in which modern science has altered our ideas 
respecting time as well as space, though the change has 
only been noticed specially as it affects space. In former 
ages men regarded the region of space over which they 
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in some sense had rule as very extensive indeed. This 
earth was the most important body in the universe, all 
others being not only made for the service of the earth, 
but being in all respects, in size, in range, and so forth, 
altogether subordinate to it. Step by step men passed 
from this to an entirely different conception of our earth’s 
position in space. Shown first to be a globe within the 
domain of the heavenly bodies, then to be a globe sub- 
ordinate to the sun, then to be a member of one family 
among thousands each with its ruling sun, then to belong 
to a galaxy of suns which is but one among myriads of 
millions of such galaxies, and lastly shown to the eye of 
reason, though not to direct observation, as belonging to 
a galaxy of galaxies itself but one among millions of the 
same order, which in turn belong to higher and higher 
orders endlessly, the earth has come to be regarded, 
despite its importance to ourselves, as but a point in 
space. The minutest particle by which a mathematician 
might attempt to picture the conception of a mathema- 
tical point, comparing that particle with any near object 
however large, a house, a mountain, the earth itself, 
would be but the grossest representation of a point, by 
comparison with the massive earth, when she is con- 
sidered with reference to the universe of the fixed stars 
or rather to that portion of the universe, itself but a point 
In space, over which the survey of the astronomer extends. 
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All this has been admitted. Men have fully learned to 
recognise, though they are quite unable to conceive, the 
utter minuteness, one may say the evanescence, of their 
abode in space. 

But along with the extension of our ideas respecting 
space, a corresponding extension has been made, or 
should have been made, in our conceptions respecting 
time. We have learned to recognise the time during 
which our earth has been and will be a fit abode for living 
creatures as exceedingly short compared with the time 
during which she was being fashioned into fitness for that 
purpose, and with the aeons of aeons to follow, after life 
has disappeared from her surface. This, however, is but 
one step towards the eternities to which modern science 
points. The earth is but one of many bodies of a 
system ; and though it has been the custom to regard the 
birth of that system as if it had been effected, if one may 
so speak, in a single continuous effort (lasting millions of 
millions of years, mayhap, but bringing all the planets 
and their central sun simultaneously into fitness for their 
purpose), there is no reason whatever for supposing this 
to have been really the case, while there are many reasons 
for regarding it as utterly unlikely. It seems as though 
men could not divest themselves of the idea that our 
earth’s history is the history of the solar system and of 
the universe. Precisely as children can hardly be 

x 3 
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brought to understand, for a long time, what history 
really means, how generation after generation of their 
own race has passed away, and how their own race has 
succeeded countless others, so science, still young, seems 
scarcely to appreciate the real meaning of its own dis- 
coveries. It follows directly from these that world after 
world like our earth, in this our own system or among 
the millions peopling space, has had its day, and that 
the systems themselves, on which such worlds attend, are 
but the existent representatives of their order, and suc- 
ceed countless other systems which have long since served 
their purpose. 

Yet, strangely enough, students of science continue for 
the most part to speak of other worlds, and other suns, 
and other systems, as though this present era, this “ bank 
and shoal of time,” were the sole period to which to refer 
in considering the condition of those worlds and suns 
and systems. It does not seem to occur to them that, — 
not possibly or probably, but most certainly, — myriads 
among the celestial bodies must be passing through 
stages preceding those which are compatible with the 
existence or support of life, while myriads of others must 
long since have passed that stage. And thus ideas 
appear strange and fanciful to them which, rightly ap- 
prehended, are alone in strict accordance with analogy. 
To consider Jupiter or Saturn as in the extreme youth of 
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planetary existence, still glowing with such heat as per- 
vaded the whole frame of our earth before she became a 
habitable world, still enveloped in cloud masses contain- 
ing within them the very oceans of those future worlds, 
all this is regarded as fanciful and sensational. Yet those 
who so regard such theories do not hesitate to admit that 
every planet must once in its life pass through the fiery 
stage of planetary existence, nor are they prepared to 
show any reason why the stage must be regarded as past 
in the case of every planet or even of most of the planets. 
Seeing that, on the other hand, there are abundant 
reasons for believing that planets differ very widely as 
regards the duration of the various stages of their life, 
and that our earth is by no means one of the longest 
lived, we may very fairly expect to find among the 
planets some which are very much younger than our 
earth, — not younger, it will be understood, in years, 
but younger in the sense of being less advanced in 
development. When we further find that all the evi- 
dence accords with this view, we may regard it as the 
one to which true science points. 

All that we know about the processes through which 
our earth has passed suggests the probability, I will even 
say the certainty, that planets so much larger than she 
is as are Jupiter and Saturn must require much longer 
periods for every one of those processes. A vast mass 
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like Jupiter would not cool down from the temperature 
which our earth possessed when her surface was molten 
to that which she at present possesses in the same time 
as the earth, but in a period many times longer. 

Supposing Bischoff to be right in assigning 340,000,000 
years to that era of our earth’s past, I have calculated 
that Jupiter would require about seven times and Saturn 
nearly five times as long, or about 2,380,000,000 and 

1.500.000. 000 years respectively, and by these respec- 
tive periods would they be behind the earth as respects 
this stage of development. Suppose, however, on the 
other hand, that Bischoff has greatly overrated the length 
of that era — and I must confess that experiments on 
the cooling of small masses of rock, such as he dealt 
with, seem to afford very unsatisfactory evidence respect- 
ing the cooling of a great globe like our earth. Say that 
instead of 340,000,000 years we must assign but a tenth 
part of that time to the era in question. Even then 
we find for the corresponding era of Jupiter’s exist- 
ence about 238,000,000 years, and for that of Saturn’s 

150.000. 00.0 years, or in one case more than 200,000,000 
years longer, in the other more than 110,000,000 years 
longer than in our earth’s case. 

This relates to but one era only of our earth’s past. 
That era was preceded by others which are usually 
considered to have lasted much longer. The earth, 
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according to the nebular theory of Laplace, was once a 
mighty ring surrounding the sun, and had to contract 
into globe form, a process requiring many millions of 
years. When first formed into a globe she was vaporous, 
and had to contract — forming the moon in so doing — 
until she became a mass, first of liquid, then of plastic 
half solid matter, glowing with fire and covered with 
tracts of fluent heat. Here was another stage of her past 
existence, requiring probably many hundreds of millions 
of years. Jupiter and Saturn had to pass through similar 
stages of development, and required many times as many 
years for each of them. Is it then reasonable to suppose 
that they have arrived at the same stage of development 
as our earth, or indeed as each other. 

Supposing for a moment that we were fully assured 
that Jupiter and Saturn had separate existence, hundreds 
of millions of years before our earth had been separated 
from the great glowing mass of vapour formerly con- 
stituting the solar system, and that having this enor- 
mous start, so to speak, they need not necessarily be 
regarded as now very greatly in arrear as respects devel- 
opment, or might even be in advance of the earth, it is 
altogether improbable that either of them, and far more 
improbable that both of them, are passing through 
precisely the same stage of development If we knew 
only of two ships, that one had to travel from New York 
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to London, and another from Canton to Liverpool, some 
time during the year, and that the one which had to 
make the longer journey was likely to start several weeks 
before the other, would it not be rather unsafe to con- 
clude, when the former had entered the mouth of the 
Thames, that in all probability the other was sailing up 
the Mersey? Yet something like this, or in reality 
much wilder than this, is the reasoning which permits 
the student of science to believe, independently of 
the evidence, or altogether against all evidence, that 
Jupiter and Saturn are necessarily passing through the 
very stage of planetary existence through which the one 
planet we know much about is passing. 

It seems to me that the student of science should be 
prepared to widen his conceptions of time even as he has 
been compelled to widen his conceptions of space. As 
he knows that the planets are not, as was once supposed, 
mere attendants upon our earth and belonging to her 
special domain in space, so should he understand that 
neither do the other planets appertain of necessity to the 
domain of time in which our earth’s existence has been 
cast, or only do so in the same sense that like her they 
occupy a certain domain in space, not her domain, but 
the sun’s. Their history in time, like hers, doubtless 
belongs to the history of the solar system, but the dura- 
tion of that system enormously surpasses the duration of 
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the earth as a planet, and immeasurably surpasses the 
duration of that particular stage of life through which 
she is now passing. 

Prepared thus to view the other planets independently 
of preconceived ideas as to their resemblance to our own 
earth, we shall not find much occasion to hesitate, I 
think, in accepting the conclusion that Jupiter is a very 
much younger planet. 

We have seen already that the enormous mass of 
Jupiter, surpassing that of our earth 340 times, is sug- 
gestive of the enormous duration of every stage of his 
existence, and therefore of his present ex^eme youth. 
His bulk yet more enormously exceeds that of our earth, 
as, according to the best measurements, no less than 1230 
globes, as large as our earth, might be formed out of the 
mighty volume of the prince of planets. In this superi- 
ority of bulk, nearly four times greater than his vast 
superiority of mass, we find the first direct evidence from 
observation in favour of the theory that Jupiter is still 
intensely hot. How can a mass so vast, possessing an 
attractive power in its own substance so great that, under 
similar conditions, it should be compressed to a far 
greater degree than our earth, and be, therefore, con- 
siderably more dense, come to be considerably rarer? 
We no longer believe that there is any great diversity of 
material throughout the solar system. We cannot sup- 
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pose, as Whewell once invited us to do, that Jupiter 
consists wholly or almost wholly of water. Nor can we 
imagine that any material much lighter than ordinary 
rocks constitutes the chief portion of his bulk. W 6 are, 
to all intents and purposes, forced to believe that the 
contractive effect due to his mighty attractive energy is 
counteracted by some other force. Nor can we hesitate, 
since this is admitted, to look for the resisting force in the 
expansive effects due to heat. We know that in the case 
of the sun, where a much mightier contractive power is at 
work, a much more intense heat so resists it that the sun 
has a mean density no greater than Jupiter’s. We have 
every reason, then, which bulk and mass can supply, to 
believe that Jupiter is far hotter than the earth — that 
in fact, as the sun, exceeding Jupiter more than 1000 
times in volume, is many times hotter than he is, so 
Jupiter, exceeding our earth 1200 times in volume, is 
very much hotter than the earth. 

But when we consider the aspect of Jupiter we find 
that similar reasoning applies to his atmosphere. The 
telescope shows Jupiter as an orb continually varying in 
aspect, so as to assure us that we do not see his real 
surface. The variable envelope we do see presents, 
further, all the appearance of being laden with enor- 
mously deep clouds. The figure (24) shows the planet as 
seen by Herr Lohse on February 5, 1872, and serves 



THE PLANET JUPI7ER. 


901 


to illustrate the rounded clouds often seen in Jupiter’s 
equatorial zone, as though floating in the deep atmos- 
phere there. Although rounded clouds such as these 
are not constantly present, they are very often seen; 
their appearance, even on a few occasions only, would 
suffice for the argument I now propose to draw from 



Fig. 24. — The Planet Jupiter. 


them. It is impossible to regard them as flat round 
clouds. Manifestly they are globular. Now they may 
not be quite as deep as they are long, or even broad, 
but supposing them only half as deep as they are broad, 
that would correspond to much more than a third of 
the diameter of our earth, shown in the same picture. 
The atmosphere in which they float would necessarily 
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be deeper still, but that depth alone would be about 
3,000 miles. Now an atmosphere 3,000 miles deep 
under the tremendous attraction of Jupiter's mass would 
be compressed near its base to a density many times 
exceeding that of the densest solids if (which of course 
is impossible) it could remain in the gaseous form with 
such density. The fact, then, that an atmosphere, cer- 
tainly gaseous, exists around Jupiter to this enormous 
depth at least, proves to demonstration that there must 
be some power resisting its attractive energy ; and again, 
we have little choice but to admit that that power is no 
other than the planet's intense heat. 

As we extend our scrutiny into the evidence from 
direct observation, we find still other proofs independent 
of those just considered. One proof alone, be it re- 
membered, is all that is required, but it will be found 
that there are many. 

We have found reasons for believing that the planet 
Jupiter is expanded by heat in such sort that the 
contractive or condensing power of his own mighty 
attractive energy is overcome. We know certainly that, 
regarding the planet we see as a whole, its globe is 
of very small density. We have every reason to be- 
lieve that it is made of the same materials, speaking 
generally, as our earth. We know that its mass as 
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a whole possesses many times the gravitating power 
of our earth’s mass. It is highly probable, therefore, 
that the condition of its substance is very different 
from that of our earth’s substance. And as we know 
of no cause save heat which could keep the planet in 
this state, it is altogether probable that the planet is 
extremely hot. The argument, be it noticed, is inde- 
pendent of that based on the probability that Jupiter, 
owing to his enormous mass, has not cooled nearly so 
much as our earth has. 

We then noticed another very powerful argument, 
similar in kind, but also quite independent, derived 
from the aspect of the planet. Jupiter’s appearance 
indicates clearly that he has a deep cloud-laden atmos- 
phere, and we know that such an atmosphere, if of the 
same temperature as our earth’s, would be compressed 
enormously, whereas the observed mobility of Jupiter’s 
cloud-envelope, and other circumstances, indicate that 
this enormous compression does not exist. We infer, 
then, that some cause is at work expanding the atmos- 
phere ; and we know of no other cause but heat which 
could do so effectively. 

But now let us consider certain details which the 
telescope has brought to our knowledge. 

In the first place, a number of circumstances indicate 
a tremendous activity in that deep cloud-laden air. 
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The cloud-belts sometimes change remarkably in 
appearance and shape in a very short time. Mr. Webb, 
in his excellent little treatise, “ Celestial Objects for 
Common Telescopes,” gives instances from the observa- 
tions of South, which I here translate into non-technical 
terms: — On June 3, 1839, at about nine in the evening, 
South saw with his large telescope, just below the 
principal belt of Jupiter, a spot of enormous size. It 
was dark, and therefore probably represented an open- 
ing in a great cloud-layer by which a lower or inner 
layer was brought into view. (For though the planet’s 
real globe may be so intensely hot as to emit a great 
deal of light, it is probable that most of the light so 
emitted is concealed by the enwrapping cloud masses, 
and that the greater part of the light we receive from 
the planet is reflected sunlight ; so that the inner cloud- 
layers would be the darker.) South estimated this spot 
as about 20,000 miles in diameter. “ I showed it,” he 
says, “to some gentlemen who were present; its enor- 
mous extent was such that on my wishing to have a 
portrait of it, one of the gentlemen, who was a good 
draughtsman, kindly undertook to draw me one ; whilst 
I, on the other hand, extremely desirous that its actual 
magnitude should not rest on estimation, proposed, on 
account of the scandalous unsteadiness of the large 
instrument, to measure it with my five-feet telescope.” 
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“Having obtained for my companion the necessary 
drawing instruments, I went to work, he preparing him- 
self to commence his.” But on looking into the tele- 
scope, South was astonished to find that the large dark 
spot, except at its eastern and western edges, had be- 
come much whiter than any of the other parts of the 
planet; and thirty-four minutes after these observations 
had commenced, “ these ” [query three ? ] “ miserable 
scraps were the only remains of a spot which but a few 
minutes before had extended over at least 20,000 miles, 
— or two and a half times the diameter of the earth.” 

The cloud envelope, then, of Jupiter is certainly not 
in a state of quiescence. Of course we need not suppose 
that winds had carried cloud masses athwart the tre- 
mendous opening seen by South. That would imply 
a motion of 10,000 miles in the half-hour or so of 
observation, — supposing contrary winds to have rushed 
towards the centre, — or double that velocity if the entire 
breadth of the spot had been traversed in that time. 
A velocity of 20,000 miles, and still more of 40,000 
miles per hour, may fairly be regarded as incredible. 
It would exceed more than a hundred-fold (taking the 
least number) the velocity of our most tremendous 
hurricanes. And although the solar hurricanes would 
seem to have a velocity, at times, of 300,000 or 400,000 
miles per hour, we have no reason for supposing that 
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winds of tens of thousands of miles per hour could be 
raised in the atmosphere of Jupiter. As I have said, 
however, it is not necessary to suppose this. We may 
conceive that clouds had formed very rapidly at the 
higher elevation where before they had been wanting. 
Clouds may form as readily and quickly over an area 
a thousand miles across as over an area two or three 
miles across. Indeed Webb, referring to such changes 
as South witnessed, says that Sir J. Herschel once 
observed a cloud-bank in our own air, which formed 
so rapidly that it crossed the sky at the rate of 300 
miles an hour, not moving, of course, at that rate, but 
being formed along different parts of its apparent pro- 
gress almost simultaneously, so as to appear to travel 
with this enormous velocity. 

But now I wish the reader specially to notice how 
this observation of South’s may serve to explain another, 
equally remarkable and at first sight far more perplex- 
ing; and how, when the two observations are brought 
together, a very singular piece of information is obtained 
respecting Jupiter’s cloud-envelope. 

Let a b, fig. 25, represent the great dark space seen 
by South, just below the principal belt, and let us suppose 
the planet turned round until this dark space, or rather 
this opening in the planet’s outer cloud-envelope, is 
brought to the edge as at a c d, fig. 26. Then this 
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opening would really cause a depression in the planet's 
outline at d c , the shaded part being depressed. The 
depression might not be observable in any ordinary 
telescope. For at the edge of Jupiter the features of 



Fig. 25. Fig. 26. 

the belt are generally lost, and the outline is at all times 
smoothed in appearance by that peculiarity of vision 
which makes all bright objects seen on a dark back- 
ground appear somewhat larger than they actually are. 
(This is really due to a fringing, as it were, of the image 
on the retina of the eye.) But though the depression 
might not be recognisable, it would exist, and, as we shall 
presently see, it might be detected in another way than 
by being actually seen. When the clouds formed which 
concealed the spot, — we do not know how quickly, but 
certainly in less than thirty-four minutes, — the depression, 
had the spot been at the edge, would have been removed. 
This change, however, like the existence of the depression, 
would doubtless not have been discernible by ordinary 


vision. 
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Now, let us consider the second observation mentioned 
above. 

On Thursday, June 26, 1828, the second satellite of 
Jupiter was about to make a passage across the planet’s 
face. It was observed, just before this passage or transit 
began, in the position shown in fig. 27 by the late Admiral 
Smyth. He was using an excellent telescope. It gradually 
made its entry, looking for a few minutes like a small 
white mountain on the edge of the planet, and finally 



Fig. 27. Fig. 28. Fig. 29. 

disappeared. The reader must understand that the moon 
was not hiding itself behind the planet, but was on this 
side of it, and simply lost to view because its brightness 
was the same, or very nearly the same, as that of the 
planet’s edge. (Its place is shown in fig. 28, but of course 
the little dark ring was not so seen.) “At least 12 or 13 
minutes must have elapsed,” says Smyth, “when, acci- 
dentally turning to Jupiter again, to my astonishment I 
perceived the same satellite outside the disc,” as shown 
in fig. 29. It remained visible there for at least four 
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minutes, and then suddenly vanished. To show that 
the observation was not due to any local or personal 
peculiarity, it is only necessary to mention that two 
other astronomers, Mr. Maclear at Biggleswade, and Dr. 
Pearson at South Kilworth, observed the same extraor- 
dinary behaviour of Jupiter’s second satellite. The three 
telescopes are thus described by Admiral Smyth, — 

Mr. Maclear’s, 3J inches in opening, 3^ feet long ; 

Dr. Pearson’s 6$ inches in opening, 12 feet long; 

Adm. Smyth’s 3J inches in opening, 5 feet long ; 

all good observing telescopes. Now, of course, the 
satellite did not really stop. Nothing short of a miracle 
could have stopped the satellite, or, if the satellite could 
have stopped, have set it travelling on again as usual. 
For the satellite did not lose one mile, or change its 
velocity by the thousandth part of a mile per hour or even 
per annum. 

But suppose such a change had taken place at the edge 
of Jupiter as we have seen would certainly have taken 
place there if the changes affecting the spot which South 
saw had occurred to a region at the edge, as in fig. 26, 
instead of the middle, as in fig. 25. Then Smyth’s 
observation would be perfectly explained. We require, 
indeed, to suppose the change occurring in a different 
order, the outer cloud-layer being in the first instance 
well-developed and very rapidly becoming dissipated, so 
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that the outline which had at first been at its usual level, 
was very rapidly depressed to the inner cloud-layer. 
But, of course, if the rapid formation of clouds by con 
densation can occur on Jupiter, so also can the rapid 
dissipation occur, especially at that particular part where 
Smyth saw the satellite behave so strangely. For that 
part is being carried, by the planet’s swift rotation, into 
sunlight, and the extra heat to which it is thus exposed 
might readily effect the dissipation of widely extended 
cloud strata, supposing the temperature near that critical 
value at which clouds form or are dissipated 

Here, then, is an explanation of a phenomenon which 
otherwise seems utterly inexplicable. The explanation 
requires only that a process like one which has been 
observed to occur on Jupiter’s disc should occur at a 
part of his surface forming at the moment a portion 
of his outline. If we had never known of such changes 
as South and other observers have noted in the markings 
of Jupiter, we should be compelled by Smyth’s observa- 
tion to admit their possibility. If we had never known 
of Smyth’s observation we should be compelled by 
South’s to admit that such a change of outline as is 
indicated by Smyth’s observation must be possible, — 
must, in fact, occur whenever cloud-masses form or are 
dissipated over wide areas at the apparent edge of the 
planet When we have both forms of evidence it seems 
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altogether unreasonable to entertain any further doubt 
on this point. 

But Smyth’s observation, thus interpreted, indicates 
an enormous distance between the outer and inner cloud- 
layers which formed the planet’s edge near the satellite 
in figs. 28 and 29 respectively. I find after making every 
possible allowance for errors in his estimate of time, not 
taken it would seem from his observatory clock, that the 
distance separating these cloud-layers cannot have been 
less than 3.500 miles, or not far from half the diameter 
of our earth. It is the startling nature of this result 
which perhaps deters many from accepting the explana- 
tion of Smyth’s observation here advanced. But there 
is no other explanation. The satellite cannot have 
stopped in its course; Jupiter cannot have shifted his 
place bodily ; the satellite was on this side of the planet, 
— therefore no effects of the planet’s atmosphere on the 
line of sight from the planet can help us ; three observers 
at different stations saw the phenomenon, — therefore 
neither effects of our earth’s atmosphere nor personal 
peculiarities can account for the strange phenomenon. 
“Explanation is set at defiance,” says Webb; “demon- 
strably neither in the atmosphere of the earth nor 
Jupiter, where and what could have been the cause?” 
The explanation I have advanced is the only possible 
answer to this question. 
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I might occupy twenty times the space here available 
to me in detailing various other phenomena all pointing 
in the same way, — that is, all tending to show that Jupiter 
is a planet glowing with intense heat, surrounded by a 
deep cloud-laden atmosphere, intensely hot in its lower 
portions, but not necessarily so in the parts we see, and 
undergoing changes (consequences of heat) of a stupen- 
dous nature, such as the small heat of the remote sun, 
which shines on Jupiter with less than the 27th part of 
the heat we receive, could not by any possibility produce. 
But partly because space will not permit, partly because 
most of these phenomena have been described in my 
“Orbs Around Us,” and “Other Worlds,” I content 
myself by describing a singular observation recently 
made, which, with South’s and Smyth’s, seems to place 
the theory I have advanced beyond the possibility of 
doubt or cavil. 

Mr. Todd of Adelaide has recently obtained for his 
observatory a fine 8-inch telescope by Mr. Cooke. With 
this instrument, mounted in December, 1874, he has 
made many valuable observations of the motions of 
Jupiter’s satellites. Ordinarily, of course, the entry of 
each satellite on the planet’s face and the egress there- 
from, the disappearance of each satellite behind the 
planet or in the planet’s shadow (not necessarily the 
same thing) and the reappearance, are effected in what 
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may be called the normal way; and Mr. Todd’s experi- 
ence in this respect has been like that of other observers. 
But on two occasions he and his assistant, Mr. Ring- 
wood, observed that a satellite, when passing behind the 
planet’s edge, did not disappear at once, but remained 
visible as if seen through the edge, for about two minutes. 
The same satellite behaved thus on each occasion, — viz. 
the satellite nearest the planet. As this satellite travels 
at the rate of about 645 miles per minute, it would follow 
that the satellite was seen through a depth of nearly 
1300 miles, or, after making all possible allowance for 
optical illusions, some 900 or 1000 miles. The effect of 
refraction cannot then be great in the air of Jupiter, to 
this depth below the usual limit of the upper clouds, — 
for otherwise the satellite would have been altogether 
distorted. And this very fact, that for 1000 miles or 
so below the highest clouds the change of atmospheric 
density is not sufficient to produce any noticeable refrac- 
tive effects, implies that the true base of the atmosphere 
of Jupiter lies very far lower yet — perhaps many hundreds 
of miles lower. 

If the reader now look again at the picture at page 201, 
he will understand, I think, how those great round white 
clouds in the chief belt, — clouds thousands of miles long 
and broad, — are probably hundreds of miles deep also, 
and float in an atmosphere still deeper. 
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All that we know about Jupiter, in fine, from direct 
observation, as well as all that we can infer respecting 
the past history of the solar system, tends to show that 
he is still an extremely young planet. He is the giant 
of the solar family in bulk, and probably he is far 
older than our earth in years; but in development he 
is, in all probability, the youngest of the sun’s family 
of planets, and certainly far younger than the earth on 
which we live. 




XI 

THE RINGED PLANET SATURN 

ERY different from the ruddy planet which 
approached so closely to him in November, 
1877, is Saturn, the ringed world, the most 
wonderful of all the planets if the complexity of the 
system attending on him is considered, and in size 
inferior only to the giant Jupiter. 

It will have been noticed, perhaps, by those who are 
familiar with the aspect of the planets, that the contrast 
between Mars and Saturn during their late approach to 
us was not only greater than usual, but greater than was 
to be expected even when account was taken of the un- 
usual lustre of Mars. I have often wondered whether 
the ancient astronomers where ever perplexed by the 
varying lustre of Saturn. They recognised the fact that 
Mars has an orbit of great eccentricity (see the picture 
of the orbits of Mars, Venus, etc., at page 156) ; 
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and there was nothing in the varying lustre of Mars 
which could not be perfectly well explained by his 
known variations of distance, whether the Ptolemaic or 
the Copernican system were accepted. But with Saturn 
the case is different. His distance at successive returns 
to our midnight skies is subject to moderate changes 
only. Yet his brilliancy varies in a remarkable manner. 
We now know that those changes are due to the opening 
and closing of that marvellous system of rings which 
renders this planet the most beautiful of all the objects 
of telescopic observation which the heavens present to 
us. When the edge of the rings is turned towards 
the earth, we see only the most delicate thread of light 
on either side of the planet’s disc. But when the rings 
are opened out to their full extent they reflect towards 
us as much light as we receive from the disc. At such 
times the planet presents a much more brilliant appear- 
ance than when the ring is turned nearly edgewise ; in 
fact to the naked eye he seems very nearly twice as 
bright Now at present the rings are turned nearly 
edgewise towards the earth. In July and August, 1869, 
the planet presented in the telescope the appearance 
presented in fig. 30, where it will be seen that the 
shorter axis of the oval into which any one of the ring- 
outlines is thrown is nearly equal to half the larger axis. 
Since then the rings have been slowly closing up ; and 
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at present the rings are so little open that the corre- 
sponding shorter axis, if it could be directly seen, would 
appear to be about one-sixteenth only of the larger axis. 
The rings were turned exactly edgewise towards the sun 
at two in the afternoon, on St. Valentine’s day, 1878, 
according to calculations which I made in 1864, and 



Fig. 3a — The planet Saturn in July and August, 1869. 

published in a table under the head “ Passages of the 
Rings plane through the Sun between the years 1600 
and 2000,” in my treatise entitled “Saturn and its 
System.” The Nautical Almanac for 1878, indeed 
makes the passage of the rings plane through the sun 
occur somewhat earlier, stating that at noon on Feb- 
.aary 14 the sun’s centre would pass south of the ring’s 
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horizon by about one-fifth of its apparent diameter (as 
seen by us). But my own calculation took into account 
certain small details which, in matters of this sort, the 
Nautical Almanac computers neglect. After all, it mat- 
tered very little to terrestrial observers whether the sun’s 
light passed from the northern to the southern side of the 
rings a few hours earlier or later : the moment when it 
passed could not possibly be observed, even if it had 
occurred during the night hours. In the present instance 
it occurred at midday, and unfortunately none of the 
interesting phenomena presented in powerful telescopes 
when the rings are turned edgewise to the sun or earth 
could be observed, for they occurred when Saturn and 
the sun were nearly in the same part of the heavens, 
and when the planet therefore was utterly lost in the 
splendour of the solar rays. 

But now let us briefly consider what is known or may 
be surmised respecting the noble planet which was so 
far outshone in November, 1877, by the comparatively 
minute orb of Mars. 

Saturn travels at a distance from the sun exceeding 
rather more than nine and a half times that of our own 
earth. The second figure of orbits (see page 157) 
shows the wide span of his orbit compared with the 
earth’s, and yet it will be seen that the orbits of Uranus 
and Neptune, planets unknown to the ancients, are 
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so wide that the path of Saturn becomes in turn small 
by comparison. 

Saturn has a globe about 70,000 miles in diameter, 
where it bulges out at the equator ; but he is somewhat 
flattened at his poles, so that his polar diameter is about 
7000 miles less than the equatorial diameter. In volume 
he exceeds our earth about 700 times ; but in mass only 
about ninety times : for his mean density is but about 
tlW ^e eart h’ s - f act > if we could imagine an ocean 
of water wide enough and deep enough for the planets 
to be all set in it, Saturn would float wflth about one- 
fourth of his bulk out of water,— always supposing that 
no change took place in his density directly after he was 
immersed. Saturn, indeed, would float highest of all the 
planets, or rather all of them would sink except Saturn 
and Neptune, and Saturn would float higher than Nep- 
tune. Uranus would just sink. Jupiter is half as heavy 
again as he should be to float. All the terrestrial planets, 
Mercury, Venus, the Earth, and Mars, would go to the 
bottom at once. 

It is almost impossible to regard any feature of Saturn 
as better deserving to be considered first than his ring 
system. Yet for the sake of preserving a due sequence 
of ideas we must first consider his globe. 

We find ourselves at once in presence of difficulties 
like those we encountered when we considered the planet 
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Jupiter. How is it that the mighty mass of a planet 
like Saturn, constructed, we have every reason to believe, 
of materials resembling those which constitute our earth, 
has so failed to gather in its substance that the mean 
density is much less than that of the earth’s globe ? It 
must be remembered that gravity prevails throughout 
the frame of Saturn as throughout our earth’s frame. 
Every particle of that enormous globe is drawn towards 
the centre with a force almost exactly the same as would 
be exerted by the attraction of the entire mass of that 
portion of the planet which lies nearer to the centre than 
the particle, if this mass were collected at the centre. 
But this is not all. It is not merely the attraction exerted 
on each particle of Saturn's mass which has to be con- 
sidered, but the entire weight of all the superincumbent 
matter. The distinction between attraction and weight, 
by the way, is very commonly overlooked in considering 
the planets’ interiors. I think it was Sir David Brewster 
who argued that as attraction can easily be shown to 
diminish downwards towards the centre, it is possible to 
conceive that the interior of a planet may be hollow. 
The error is readily perceived, if we take a familiar 
instance where the attraction is the same yet the effect 
of pressure very much greater. (Without voyaging to 
the centre of the earth, which is troublesome, and cer- 
tainly not a familiar experience, we cannot reach places 



THE RINGED PLANET SATURN. 


221 


where the attraction of gravity is greatly less than at the 
surface.) Take a massive arch of brickwork : the bricks 
near the top are subject to the same attraction as those 
belonging to the foundation ; but the pressure to which 
the foundation bricks are exposed is very much greater 
than that affecting the upper bricks. So again with a 
deep sea : the particles at the bottom of such a sea are 
subject to no greater attraction than the particles near 
the top ; but we know that a strong hollow case of metal 
which near the top of such a sea would be scarcely 
pressed at all, and would suffer no change of shape, 
will be crushed perfectly flat under the tremendous 
pressure to which it will be exposed when sunk to the 
bottom. 

There is, in fact, no escape from the conclusion that 
the interior portions of a planet like Saturn or Jupiter, 
nay, even of a body like our earth or the moon, must be 
subject to tremendous pressure, a pressure exceeding 
many hundred-fold the greatest which we can obtain 
experimentally, and that under that enormous pressure 
the density of the materials composing those central 
parts must be increased. How is it then that Saturn is 
of much smaller density than the earth ? I can imagine 
no other explanation at once so natural and so complete 
as this, that an intense heat pervading the entire frame 
of the planet enables it to resist the tremendous pressure 
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due to mere weight. The planet's mass is expanded by 
the heat ; large portions which at ordinary temperatures 
would be solid are liquified or even vaporised ; matters 
which are liquid on our earth are vaporised; and, in 
fine, the planet assumes (as seen from our distant station) 
the appearance of being very much larger than it really 
is. We measure not the true globe, which,, for aught that 
is known, may be exceedingly dense, but the dimensions 
of cloud-layers floating high in the planet's atmosphere. 

In describing Jupiter, I considered the changes which 
have been noticed in that planet’s outline, and observed 
that it is impossible adequately to explain the evidence, 
without assuming that the changes of outline are real 
The outline is not that of a solid globe, however, but of 
cloud-layers surrounding such a globe, and probably at a 
great distance from its surface. 

In Saturn’s case we have very singular evidence to the 
same purpose. It was observed by Sir W. Herschel in 
April, 1805, that Saturn occasionally appears distorted, 
as though bulging out in the latitudes midway between 
the pole and the equator of the planet. Fig. 31 represents 
the appearance of the planet so far as shape is concerned, 
but the ring was not, when Sir W. Herschel observed it, 
so narrow as it is shown in fig. 31. In fact the ring had 
been turned edgewise to the earth two years before ; and 
when Herschel noticed the abnormal appearance of 
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Saturn, the rings had begun to open out, though their 
outermost outline was still far within the regions of the 
planet which seemed to project as shown. Fig. 31 in fact 
represents Saturn as seen by Schroter in 1803 , when, as 
he said, the planet did not seem to present a truly 



Fi<j. 31.— Saturn's square-shouldered aspcet. 

spheroidal figure. Hcrschel tested his observations by 
using several telescopes of different dimensions, — ten, 
seven, twenty, and forty feet in length. In 1818, when 
the rings were scarcely visible, Kitchener saw the planet 
as shown in fig. 31, or “square-shouldered,” as some have 
called it On one occasion the present Astronomer- 
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Royal saw the planet of that figure. In January, 1855, 
Coolidge, using the fine refractor of the Cambridge U.S. 
Observatory, noticed that the equatorial diameter was 
not the greatest ; on the 9th the planet seemed of its 
usual shape ; but on December 6, Coolidge writes, “ I 
cannot persuade myself that it is an optical illusion which 
makes the maximum diameter of the ball intersect the 
limb half-way between the northern edge of the equatorial 
belt, and the inner ellipse of the inner bright ring.” 
This was at a time when the rings were nearly at theii 
greatest opening; so that, including Schroter’s observa- 
tion, we have Saturn out of shape when his ring has 
presented every shape between that shown in fig. 30 and 
that shown in fig. 31. Again, in the report of the Green- 
wich Observatory for 1860-61, when the ring was nearly 
closed, it is stated that “ Saturn has sometimes appeared 
to assume the square-shouldered aspect.” Lastly, the 
eminent observers, G. Bond and G. P. Eond, father and 
son, have seen Saturn abnormally shaped, flattened un- 
duly in the north polar regions in 1848, when the ring 
was turned edgewise towards us, and unsymmetrical in 
varying ways in 1855-57, when the ring was most 
widely opened. 

Yet the planet’s outline is usually a perfect oval, and 
has been shown to be so by careful measurements effected 
in some instances by the same observers, who, making 
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equally careful measurements, have found the planet to 
be distorted. 

Does it not seem abundantly clear that the great 
cloud-layers which float in the atmosphere of Saturn have 
a widely varying range in height, and that therefore as 
we see and measure the outline of the cloud-layers, we 
see and measure in effect a planet which is variable in 
figure? This seems so natural and complete an ex- 
planation of the observed peculiarities that it appears 
idle on the one hand to reject the evidence of some 
among the most skilful observers who have ever lived ; 
or, on the other, to imagine that the solid frame of 
the planet has undergone changes so tremendous as 
would be involved by the observed variations of outline 
if they really signified that a solid planet had changed 
in shape. 

The mighty globe of Saturn turns upon its axis nearly 
as quickly as Jupiter. It will be remembered that the 
Jovian day lasts only 9J- of our hours, and as the diameter 
of Jupiter is about ten times the earth's, the equatorial 
parts of the giant planet travel some twenty-six or twenty- 
seven times as fast as those of our own earth, which 
move (rotationally) at the rate of more than a thousand 
miles an hour. Saturn's equatorial parts do not move 
quite so fast, — in fact, in this respect, Jupiter comes first 

r 5 
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of all the members of the solar system, including the sun 
himself. Saturn’s equatorial circuit being almost nine 
times the earth’s, while his day is little more than five- 
twelfths of the earth’s, it follows that his equatorial parts 
move twelve-fifths of nine times, or nearly twenty-two 
times faster than the earth’s. Their actual rotational 
rate is rather more than 22,000 miles an hour, or 367 
miles a minute, or more than six miles a second. This 
is a wonderful rate of motion. It always seems to me 
one of the most striking results of modern astronomical 
research that we have to recognise in bodies like that dull 
looking star, — the heavy slow-moving Saturn, as the 
ancients called him,* — motions of such tremendous 
swiftness. The planet is not only rushing bodily along 
through space with a velocity of nearly six miles per 
second, but his equatorial parts are being carried round 
with a velocity somewhat exceeding six miles per second. 
(The coincidence must be regarded as accidental, but it 
has this curious effect, that the equatorial parts of Saturn 
near the middle of the disc we see are actually almost at 
rest with respect to the sun, being carried forward with 
the planet at the rate of about five miles and nine-tenths 
per second, and backward round the planet at the rate of 

* Who assigned to him, as his representative metal, lead — a meta! 
i( heavy, dull, and slow,” as Don Armado puts it, in “Love’s 
Labour Lost.” 
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about six miles and one-tenth per second. In tact there 
are always two points on the disc which are almost 
exactly at rest with respect to the sun, viz., those two 
points north and south of the equator where the rota- 
tional velocity is about five miles and nine-tenths per 
second, the velocity of Saturn in his orbit.)* 

But let us turn from the contemplation of Saturn’s 
globe, interesting though it undoubtedly is, to study 
those marvellous objects, the Saturnian rings. 

The history of their discovery is interesting, but 
must not here detain us long. Briefly, it runs as 
follows : — 

Galileo, in July, 1610, observing the planet Saturn 
with a telescope not powerful enough to show the rings, 
imagined at first that Saturn had two companion planets, 
one on either side of him, as though helping the planet 
along upon his road. (From a table relating to the rings, 
in my treatise on “ Saturn and its System,” the aspect of 
the ring, at the time of any such observation, can at once 
be inferred. In the present case, for example, it will be 
seen from the table that the rings were closing up as the 

* Attention has lately been called, by the astronomers of the 
Washington Observatory, to the fact that the statement usually 
made in our books of astronomy, that Sir W. llerschels latest 
determination of Saturn's rotation period was ioh. 29m., is incorrect. 
Ilis only determination of the period gave ioh. 16m. 44s. for the 
Saturnian day. 
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time of their disappearance, December 28, 1612, drew 
near.) A year and a half later, Galileo looked again at 
Saturn, and lo ! the companion planets were gone. He 
was perplexed beyond measure. “What is to be said 
concerning so strange a metamorphosis?” he asked. 

“ Are the two lesser stars consumed after the manner of 
the solar spots ? Have they vanished or suddenly fled ? 
Has Saturn, perhaps, devoured his own children? Or 
were the appearances indeed an illusion or fraud, with 
which the glasses have so long deceived me, as well as 
many others to whom I have shown them? Now, per- 
haps, is the time come to revive the well-nigh withered 
hopes of those who, guided by more profound contem- 
plations, have discovered the fallacy of the new obser- 
vations, and demonstrated the utter impossibility of their 
existence. I do not know what to say in a case so 
surprising, so unlooked for, and so novel. The short" 
ness of the time, the unexpected nature of the event, the 
weakness of my understanding, and the fear of being 
mistaken, have greatly confounded me.” 

Hevelius was similarly perplexed by the constantly 
vayring appearance of the planet. “Saturn,” he informed 
his contemporaries, “ presents five various figures to the 
observer, to wit — first, the mono-spherical; secondly, 
the tri-spherical ; thirdly, the spherico-ansated ; fourthly, 
the elliptico-ansated ; fifthly, and finally, the spherico- 
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cuspidated;” of which we can only say, like Mr. 
Gilbert’s Ferdinando, that “we know it’s very clever; 
but we do not understand it.” 

It was not till 1659 that Huyghens, using a telescope 
forty yards long , was able to make out the real meaning 
of the appendages which had so perplexed Galileo and 
Hevelius. He announced to the world, in an anagram, 
his discovery that Saturn is girdled about by a flat ring 
nowhere touching the planet. 

Huyghens also discovered the largest of Saturn’s 
moons. He looked for no more, having the idea that, 
since six planets and six moons were now known, no 
more moons existed. 

In 1663 the Brothers Ball discovered that the rings 
are divided into two, or, at any rate, that a broad black 
stripe, such as is shown in fig. 30, separates the outer 
portion of the ring from the inner. Two years later 
these observers saw the stripe on the northern side of 
the rings, when the rings had so shifted in position 
that observers saw their southern side. Dominic Cassini 
recognised a corresponding stripe on the southern side. 
This was regarded as proving that there is a real division 
between the rings. The width of the gap thus separating 
the outside of the inner ring from the inside of the outer 
cannot be less than 1,600 miles. 

Cassini also detected another Saturnian moon in 
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October, 1671, and, later, he discovered three others, 
making five Saturnian moons in all. 

Sir W. Herschel observed the rings with great care. 
He confirmed the discovery of the great division between 
the rings ; but rejected the idea which was beginning to 
be entertained in his time, that there are many divisions. 
He found reasons for suspecting, but never actually 
proved, that the outer ring turns round in about io| hours. 

He also detected two small moons close to the outer 
ring. One other moon, detected independently by Bond 
at the Harvard Observatory, Cambridge, U.S., and by 
Lassell in this country in 1848, completes the set of 
eight moons now known to revolve around the planet 
Saturn. We need not here say much more about these 
moons, saving, perhaps, to note that the span of the 
entire Saturnian system of moons amounts to about 
4,400,000 miles, nearly double that of the Jovian system. 
This is the largest system of satellites known to us. It 
is wonderful to reflect, when we look at the dull, slow* 
moving Saturn, that not only is the planet itself 700 times 
larger than the earth, not only is it girdled about by a 
ring system having a span exceeding more than 20 times 
the diameter of this earth on which we live, but that 
the entire span of the system over which that distant 
planet rules exceeds more than eighteen-fold the distance 
separating our earth from the moon. 
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Return we now, however, to the consideration of the 
Saturnian ring-system. 

In 1850 a singular discovery was made. It was found 
by Bond, in America, and, a few days later, independ- 
ently, by Dawes, in England, that inside the inner 
bright ring there is a dark ring almost as wide as the 
outer bright ring. One of the strangest circumstances 
about this inner ring is that where it crosses Saturn's disc 
the outline of the planet can be distinctly traced through 
the dark ring, which is thus, in a sense, a semi-transpa- 
rent body. I say “ in a sense," because it does not follow 
that it really consists of semi-transparent matter any more 
than it follows from our being able to see through a 
gauze veil that the individual threads forming the gauze 
are made of a semi-transparent material. 

On examining recorded observations of the planet 
evidence was found that this dark ring is not, as was at 
first supposed, a recent formation. Where it crosses 
Saturn it had been mistaken in former times for a 
dark belt. 

It had always been supposed that the rings are solid, 
or at any rate continuous bodies. The younger Cassini, 
indeed, ventured to express doubts on the subject, but 
with this solitary exception, no suspicion had ever existed 
among astronomers that the rings are otherwise than 
continuous, until the discovery of the dark ring. 
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When the singular fact was discovered that the body 
of the planet can be seen through the slate-coloured 
ring, the solidity of this ring, at any rate, began natur- 
ally to be questioned. The idea was suggested that 
this formation may be fluid. Mathematicians applied 
rigorous processes of investigation to the question 
whether a fluid ring can possibly exist in such a position. 
The inquiry led to a re-examination of the whole subject 
of the ring-system and its stability. Mathematicians 
took up the question where Laplace had left it more 
than half a century before. He had decided that solid 
rings might, under certain conditions, revolve around a 
planet without being broken. But his inquiry had not 
been carried to a conclusion. Now, when the work was 
completed, it was found that the requisite conditions 
are certainly not fulfilled by the Saturnian ring-system. 
The rings should be situated eccentrically, and heavier 
at one side than the opposite. In fact they should have 
a perceptible “bias.” They exhibit, on the contrary, the 
most perfect symmetry of figure — this symmetry, indeed, 
constitutes the great charm of Saturn’s telescopic appear- 
ance ; and although, occasionally, the ball has not seemed 
to be quite in the middle of the ring-system, the displace 
ment has never approached that which theory requires. 

The conclusion to which mathematicians arrived wa* 
accordingly the following : — 
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The rings may be held to be formed of a multitude of 
liny satellites, travelling nearly in one plane, each pursu- 
ing its own course around Saturn, according to the laws 
of satellite motion, though of course disturbed by the 
attraction of its fellow-satellites. 

We owe this theory principally to the labours of 
Professor J. Clerk Maxwell, who gained the Adams Prize 
offered by the University of Cambridge for the best 
mathematical essay upon the conditions under which a 
ring-system such as Saturn’s can exist. But Professor 
Pierce, of America, had (somewhat earlier) supplied a 
complete refutation of the idea that the rings are solid 
and continuous bodies. 

When the rings are fully open, as in fig. 30, the 
Saturnian system affords as charming an object for 
telescopic observation as the astronomer can desire. 
The rings are then exhibited in their full beauty. The 
divisions, the dark ring, and the strange shading of the 
middle ring, can be well seen in a telescope of adequate 
power. The telescopic view is still more interesting 
when (as in fig. 30) the planet throws a well-marked 
shadow upon the rings. 

But perhaps the most beautiful of all the features 
which Saturn presents to the telescopist is the strange 
variety of colour to be observed upon his surface, and 
upon that of the rings. Mr. Browning, the eminent 
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optician, thus describes the colours which the planet 
presents in his 1 2-inch reflector : — 

“The colours I have used,” he says, referring to a 
painting of the planet, “were — for the rings, yellow- 
ochre (shaded with the same) and sepia ; for the globe, 
yellow ochre and brown madder, orange and purple, 
shaded with sepia. The great division in the rings is 
coloured sepia” (not black as commonly described). 
“ The pole and the narrow belts situated near it on the 
globe are pale cobalt blue.” “These tints,” he adds, 
are the nearest I could find to those seen on the planet ; 
but there is a muddiness about all terrestrial colours when 
compared with the colours of the objects seen in the 
heavens. These colours could not be represented in all 
their brilliancy and purity, unless we could dip our pencil 
in a rainbow, and transfer the prismatic tints to our 
paper.” 

I can corroborate these remarks from observations 
made upon the planet with an 8-J-inch reflector. It is, 
indeed, a circumstance worthy of note, that the colours 
of the planets are much more strikingly exhibited by 
reflecting telescopes than by refractors, insomuch tha* 
while Sir W. Herschel and Messrs. De la Rue and 
Lassell, making use of the former class of instruments, 
have all recorded the marked impression which the 
colours of Saturn and Jupiter have made upon them, we 
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find that few corresponding observations have been 
made by observers who have been armed with even the 
most perfect specimens of the refracting telescope. 

It must be noticed, however, that the colours of Saturn 
and his ring-system can only be seen in the most favour- 
able observing weather. 




XII. 

FANCIED FIGURES AMONG THE STARS . 

THINK that every thoughtful student of the 
stars must have wondered how the figures of 
the various objects now pictured in our star- 
maps came to be imagined in the heavens themselves. 
It is a convenient answer to inquiries of the sort to say 
that it became necessary at an early stage in the progress 
of astronomy to have some means of identifying and 
naming star-groups, and that the arrangement into con- 
stellations was as suitable as any other that could have 
been desired. But it seems to me altogether unlikely 
that, in the infancy of a science, a mere arbitrary arrange- 
ment, such as this explanation supposes, should have 
been adopted. If we try to imagine the position of the 
first observers of the stars, what they wanted, and what 
they were likely to do, — and this a priori method of 
dealing with such questions is, I believe, the only safe 
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one,— we perceive that the division of the stars into 
sets named after animals and other objects, without any 
real resemblance to suggest such nomenclature, is as 
unlikely a course as could possibly be conceived. Be- 
yond all question, I think, the first watchers of the skies 
(they can scarcely be called astronomers) would have 
taken advantage of imagined similarity, more or less 
close, between each remarkable group of stars and some 
known object, to identify the group, and to obtain a 
name by which to speak of it. 

Yet it must be admitted that, as the constellations are 
at present arranged and figured, it is very difficult, in the 
great majority of cases, to imagine the least resemblance 
between a constellation and the object from which it 
derives its name. This is not only true of the modern 
constellations, the preposterous pneumatic machines, 
printing presses, microscopes , and so forth, with which 
Hevelius and his successors foolishly crowded the 
heavens. Even the oldest of the old constellations of 
Ptolemy, nay, some even of those which are found 
among all nations, present, according to their present 
configuration, scarce any resemblance to their antitypes. 
For instance, it is well known that the Great Bear was 
recognised by many nations besides the Greeks and those, 
whoever they may have been, from whom the Greeks 
derived the constellation. We learn that when America 
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was discovered the Iroquois Indians called this con- 
stellation Okouari, or the Bear. So the inhabitants of 
Northern Asia, the Phoenicians, the Persians, and others, 
called this constellation the Bear. The Egyptians, not 
knowing the bear, called the constellation the Hippopot- 
amus, an animal resembling the bear in several respects, 
as in its heavy body, short inconspicuous tail, small 
head, and short ears. Yet the constellation, as at present 
figured, is certainly not in the remotest degree like a 
bear. Apart from the enormous tail given in the pictures 
to the bear (almost tailless in reality), it is impossible for 
the liveliest imagination to recognise a bear as the con- 
stellation is at present formed. Flammarion says that, 
u even if we take in the smaller stars that stand in the 
feet and head, no ingenuity can make it in this or any 
other way resemble a bear,” adding the absurd explana- 
tion given by Aristotle, “ that the name is derived from 
the fact that of all human animals the bear was thought 
to be the only one that dared to venture into the frozen 
regions of the north, and tempt their solitude and cold.” 
As though the shepherds and tillers of the soil, who first 
gave names to the stars, were likely to consider such far- 
fetched reasons, even if they had known either the habits 
of the polar bears or had considered the relation of the 
northern star-groups to the polar regions of the earth. 

. Now the question whether any real resemblance 
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attracted the attention of the earlier observers in such 
cases as this is by no means without interest. If such 
a resemblance formerly existed, and does not now exist, 
it would follow that quite a considerable proportion of 
the stars have changed in brightness. Considering that 
each star is a sun, the centre, most probably, of a system 
like that which circles around our own sun, such a con- 
clusion would be very startling indeed. It would have 
a special interest for ourselves, somewhat in the same 
way that the news that many railway accidents occur 
has an interest for those who travel much by rail. If 
accidents frequently happen to those other suns, in such 
sort that they either lose or gain greatly in brightness, an 
accident of one or other kind might well happen to our 
own sun, in which case the inhabitants of this earth 
would perish. For many of the stars, by our suppo- 
sition, would have changed so much as either to lose their 
character as the defining stars of a constellation or by 
accession of brightness to acquire that character \vhich 
in old times they had not possessed. Now, assuredly, a 
change of brightness competent to affect our sun’s cha- 
racter (as viewed from any remote star system) in equal 
degree, would be destructive to the inhabitants of the 
earth. None at least of the higher races of animals or 
plants could bear the intense cold resulting from a change 
of the former kind, or the intense heat resulting from a 
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change of the latter kind Yet, if the constellations were 
once named because of their imagined resemblance to 
various objects, and if no such resemblance can now be 
even imagined, a change of one or other kind in the 
condition of our sun must be regarded as probable, — 
much in the same way that a regular traveller by train 
on any line must be regarded as exposed to danger, if 
accidents are known to be continually happening on that 
line. 

What I now propose to do is to inquire whether we 
may not find the true figures and proportions of the 
ancient constellations in another way — viz., not by 
looking for them among the constellations as at present 
bounded and figured in our star-maps, but by searching 
the heavens themselves for them. This general method 
of search occurred to me very long ago while I was 
preparing various star-atlases, but the special mode of 
illustration here adopted occurred to me lately, while 
preparing for young astronomers in the United States a 
series of monthly maps showing the skies towards the 
north, south, east, and west, at different times of the 
night all the year round, and in various latitudes within 
the limits of the States. When I was in America I 
noticed, as I travelled about over a tolerably wide range 
of latitude, that the varying attitudes assumed by several 
of the constellations suggested features of resemblance 
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to different objects. In constructing maps, simple in 
appearance, but based in reality on careful calculations, 
this characteristic came out more clearly. Adopting a 
particular way of presenting the connection between the 
various stars of a constellation. I often found the figure 
suggested which had actually been associated with the 
group of stars thus connected. Lastly, the idea of 
extending this method to other cases naturally occurred 
to me, and some of the results are presented in the 
present essay. 

The method of delineation referred to is simply that 
of connecting the stars of a group by lines, ad libitum , 
that is, not merely introducing so many lines as will 
connect all the stars into a single set, but where necessary 
to complete the delineation of the imagined figure, 
adding other lines connecting pairs of stars belonging to 
the group, yet not so many that every pair of stars is con- 
nected by a line. The lines, again, need not be straight. 
On the contrary, where a group of stars forms a stream, 
the natural way of joining them is by lines so curved as 
to follow the serpentine course thus suggested. And 
in other cases a slight curvature of the lines joining pairs 
of stars will seem permissible, because corresponding to 
a configuration suggested by the stars themselves. 

It is easily seen that in some of the simplest cases, the 
figure associated with a constellation is at once suggested 

16 
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by this method of delineation. For instance, take the 
case of the Northern Crown. 

In this constellation we have a group which, while 
consisting of only a few stars, yet suggests very naturally 
the idea of a coronet of gems, as shown in fig. 32. The 
same is true also, though perhaps in less degree, of the 
Dolphin, as shown in fig. 33. It is noteworthy, by the 
way, that this constellation can hardly have been invented 
by landsmen. For though in our own time when the 
pictures of sea-creatures are accurately drawn, so that 
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Fig. 32.— The Northern Crown. 


Fig. 33. —The Dolphin. 


persons who have never been to sea may have a correct 
idea of the figure of such creatures, in old times it was 
exceedingly unlikely that any but sailors would have such 
familiar knowledge of the dolphin as to be reminded of 
that creature by a group of stars. 

A much more complex constellation than either of 
those just mentioned — the Scorpion, — is even better 
represented by lineation, as shown in fig 34. It is not, 
however, with cases so remarkable as these that the 
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difficulty suggested at the outset is really connected. 
The instances of really remarkable resemblance are so 
few that they must be regarded 2s altogether exceptional. 
The best proof that the Scorpion is unmistakably 
pictured by the stars is to be found in the fact that the 
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Fig. 34 - The Scorpion. 

modem map-makers have not in this case departed much 
from the older delineations. No one, in fact, who knows 
what a Scorpion is like, could have any doubt as to 
the configuration of the body, at least, of the celestial 
Scorpion. So that though such a case illustrates well the 
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way in which the method of delineation I have suggested 
may be made to picture the object seen by the ancient 
observers in the heavens, it does not afford any answer 
to the difficulty indicated by those who assert that the 
Great Bear, the Lion, the Ship, and other of the old con- 
stellation figures, have no real existence among the stars. 

Before leaving the Scorpion, however, I must call 
attention to one or two points which this remarkable 
constellation seems to establish. First, it is clear tiiat in 
its case real resemblance suggested the association of a 
group of stars with a familiar object. Since this resem- 
blance remains, we infer that the group of stars presents 
now an appearance closely resembling that which it pre- 
sented four or five thousand years ago. And as there 
is no special reason why the stars of the Scorpion more 
than those of other constellations should retain their 
lustre unchanged, we gain a certain probability for the 
belief that all the constellations are now very much as 
they were when first named. Indeed, it so happens that 
the region occupied by the Scorpion is perhaps that part 
of the heavens where changes would on the whole most 
probably occur, the region of the Milky Way crossed by 
the Scorpion being exceptionally irregular. We may 
note also that the part of the earth where the observers 
lived who called this constellation the Scorpion must 
have been one where the reptile is well known, a con- 
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elusion which seems to dispose of the belief that the 
first astronomers lived in high latitudes. 

Let us, now, however, take some of the more difficult 
cases. We cannot do better, perhaps, than take at the 
very outset the Great Bear, a constellation of which many 
astronomers have asserted that it no longer presents and 
probably never did present the slightest resemblance to a 
bear. 

I would lay down, in the first place, the hypothesis 
that the stars in the region of the heavens now occupied 
by the Great Bear must have reminded the earliest 
observers of a large, heavily-bodied, small-headed, short- 
eared, and short-tailed creature, such as either a bear or 
a hippopotamus. Next, it may be taken for granted that 
the creature of which they were thus reminded was one 
with which they were familiar ; and as we have already 
seen that the inventors of the oldest constellations cannot 
have lived in very high latitudes, we may conclude with 
great probability that the bear imagined in the heavens 
was not the Polar bear, but the bear from which the first 
shepherd astronomers had to defend their herds and flocks, 
— the Syrian bear, as it is commonly called, though the 
species inhabited also the greater part of Asia Minor in 
former times. The Indians may be supposed to have 
seen the grizzly bear, not the smaller black bear, in the 
heavens. The features to be looked for, then, among 
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the stars, are those common to the bears of comparatively 
low latitudes — not those of the polar bear. 

So much premised we may proceed to inquire whether 
the region of the heavens occupied by the Great Bear 
presents such a creature with sufficient distinctness to 
suggest the idea of the animal to persons familiar with 
its aspect. 

It is perhaps hardly necessary to remark that we must 
not expect to find a complete far less a perfect picture 
of a bear, or lion, or ship, in a large region of the 
heavens such as is occupied by these constellations. 
If some characteristic feature of a bear could be 
recognised in a group of stars, the ancient observer 
would be content to recognise the region of the heavens 
which would be occupied by the entire figure of the 
animal, as belonging to a Great Bear, unless some 
marked peculiarity in the stars of that region abso- 
lutely prevented the most lively imagination from con- 
ceiving a bear’s body there. As an instance of the 
latter kind may be mentioned the Bull and the Ship, 
both of which constellation figures are seen only in 
part. The Bull’s head is exceedingly well marked, as is 
the stern of the ship Argo, but the liveliest imagination 
cannot recognise the body and tail of a bull, or the 
fore-part of a 9hip, where these should be. Consequently 
the ancients always regarded the Bull as a half bull, 




*50 FANCIED FIGURES AMONG TIIE STARS. 


It will be noticed in the first place that the famous 
Septentriones (the seven stars of the Plough, as in England 
the set is called, the Dipper as it is called in America, 
the Corn-measurer as it was called by the ancient Chinese) 
has little or nothing to do with the configuration of the 
Bear, though forming a part of the constellation. It is 
the set of small stars forming the head which seems to 
have suggested the idea ot a oear, though two of the 
paws are also well defined by the stars. But the out- 
lining of the head of a bear or hippopotamus is really 
sufficiently close to require no very lively imagination to 

fill it in. Fig. 36, giving these 
► stars only, serves to show this, 

> ► ^ I think. That the entire figure 

A a of a bear or hippopotamus was 

h K not recognised seems further 

K ♦ * shown by the figure assigned 

'to the constellation in the 

Fig. 36. — The Bear’s Head. 

Zodiac of Tentyra, or Den- 
derah, where it appears ag in fig. 37. The smaller figure 
is supposed to represent the Little Bear. 

In the second place, the reader familiar with the con- 
stellations will perceive that several stars not at present 
appertaining to the Great Bear are included within the 
configuration itself of the animal in fig. 35. Thus the 
third magnitude star behind the right ear belongs to 
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the constellation of the Dragon ; the third magnitude star 
near the hind quarters is Cor Caroli, the chief star of 
the modem constellation Canes Venatici> or the Hunting 
Dogs. It appears to me that we ought not to expect 
that the first observers of the heavens, in recognising 



37 . — The constellations of the Bears, represented as a hippopotamus (!) 
and wolf (?) in the Denderah Zodiac. 


imaginary features of resemblance between a group of 
stars and some known object, would be careful to inquire 
whether some among those stars were included in a 
group which they had compared or might afterwards 
compare with another object It is very necessary for 
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the astronomer of our time, nay, it may have even been 
very necessary for the astronomers of the times of Hip- 
parchus, Ptolemy, etc., to have the limits of the constel- 
lations clearly defined, and to let no conspicuous star 
be common to different constellations. But as regards 
the figures fancied in the heavens by the first observers 
of the stars, considerations of that sort woutyl be of no 
importance whatever. Indeed, it is worthy of notice 
that even so late as the time of Bayer, who gave to the 
stars their Greek letters, the constellations were not 
separated from each other. He called the star now 
known as Beta Tauri only, Gamma Auriga also , so that 
now Auriga has stars Alpha, Beta, Delta, and so forth, 
but no Gamma. Similarly, we look in vain for any 
star Delta in the constellation Pegasus, simply because 
Bayer called one and the same star Alpha Andromedre 
and Delta Pegasi, the astronomers of our own time 
retaining only the former name for this star, — the bright 
one adorning the head of Andromeda. Even in our time 
it has been found impossible properly to separate 
the older constellations from each other, so that to 
this day the Scorpion remains entangled with the legs 
of Ophiuchus, who is further inextricably mixed up 
with the Serpent. In fact, the Serpent is divided into 
two separate parts by the body of Ophiuchus, map- 
makers having no choice but either to allow Ophiu- 





Fig. 38.— The Original Constellation of the T.ion. 
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chus to divide the Serpent, or the Serpent to divide 
Ophiuchus. 

In the next case, that of the Great Lion, we have still 
further to depart from the modern configuration of the 
constellation. No one can imagine the remotest resem- 
blance between any part of a lion and the grouping of 
stars falling on the corresponding portion of Leo in the 
modern constellation. The nose of the Lion now falls 
near A. (fig. 38) ; p. and p forming the outline of the 
mane, /} the end of the tail, c the nearer fore-paw, r the 
nearer hind-paw. The original Lion, I cannot doubt, 
was imagined somewhat as pictured in fig. 38. The 
head and mane are unmistakably pictured among the 
stars, the paws fairly, the relatively small quarters and 
the tufted tail exceedingly well — always remembering 
that anything like very close resemblance is not to be 
looked for between a widely extended group of stars 
and the figure of an animal or other large object. If 
we remember also that uncultured nations, like children, 
are much quicker in imagining resemblances than those 
carefully trained to recognise the artistic delineation of 
objects, we cannot be surprised to find that nearly all 
those nations who were acquainted with the lion imagined 
a large leonine figure in the part of the heavens now 
centrally occupied by our modern and most puny Lion, 
but including portions of Cancer, the whole of Lee 
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Minor (one of Hevelius’s absurd inventions), the Hair of 
Berenice, and a star or two belonging to Virgo. 

We have to treat in a similar way the constellation 



Fig. 39. — The Original Ship “ Argo.” 


Argo of our present maps, to get the good ship Argo, as 
the ancients must have conceived the constellation. 
Fig. 39 shows the Ship as I imagine she was originally 
pictured. The stars which mark her curved poop belong 
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in part at present (as doubtless they have long belonged) 
to the Larger Dog, while those which mark the steering* 
oar belong to the modem constellation Columba Noachi, 
or Noah’s Dove. It must be observed that the bright 
star Canopus, shown in the water, was not visible in the 
time of the first observers in the latitude where they 
probably dwelt. The mighty gyrating motion of the 
earth has caused these stars to be brought five or six 
degrees further from the southern pole of the heavens; 
But Canopus and a few of the small stars near it are 
the only stars which have thus been added to the con- 
stellation as seen from the regions inhabited by the first 
observers. (Canopus was known to the Arabian and 
Egyptian astronomers. ) 

This introduces another point which seems worth 
noticing. At present the ship Argo is never seen from 
any part of the earth’s surface as pictured in fig. 39. 
When due south, the position whence in all northern 
latitudes the constellation is most favourably seen, the 
ship is always tilted up at the stern : one would say, in 
more nautical phrase, she is down by the head, if the 
ship had any fore-part ; but from time immemorial sht 
has been a half-ship only. Some 4,000 years ago, how 
ever, Argo stood nearly on an even keel when due south 
Again, it is to the mighty gyrational motion of the 
earth that we have to look for the cause of the great 

17 
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change in the apparent position of the ship. The sphere 
of the fixed stars has remained % the time unchanged, 
or very nearly so, but the direction in which the earth's 
axis of rotation points has swayed round (much as the 
axis of a reeling top sways round) through about one- 
sixth part of a complete gyration. 

In the regions where astronomy first began as a science, 
Argo not only stood on an even keel but almost on the 
horizon when due south • and the features of resemblance 
to a ship, which I have endeavoured to portray in fig. 39, 
must have seemed much more striking there (and then) 
than now. 

The fore-part of the ship, or rather that region of the 
heavens where the fore-part should be, is occupied by 
great masses of the Milky Way in one of its brightest and 
most remarkable portions. I have sometimes fancied 
that in some of the old Zodiac temples of star-worshippers 
the constellation Argo was depicted as a mighty ship, 
gemmed with stars, and heavily laden in its fore-part 
with great masses of gilded cloud to represent the 
Milky Way, and that from such representations of the 
constellation came the tradition of the ship Argo and 
its cargo of golden fleece. Many parts of the story of 
Jason and his companions seem to relate to objects 
depicted in the old constellation-domes, — as those relat- 
ing to the Dragon, to Hercules, Castor and Pollux, the 
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Centaur, etc. There is also a curious reference, in the 
tradition, to the stern of the ship, which is much like 
what we can imagine as resulting from an attempt to 
explain the appearance of this part only, in the set of 
constellation figures. We read that the entrance to the 
Euxine Sea was fabled to be closed up by certain rocks 
called Symplegades (the Clashers), which floated on the 
water, and when anything attempted to pass through 
came together with such velocity that not even birds 
could escape. Phineas advised them to let a bird fly 
through, and if the bird passed safely, to venture the 
passage. It passed with only the loss of its tail; and 
the Argo, favoured by Juno, and impelled by the utmost 
efforts of its heroic crew, passed also, though so narrowly 
that the meeting rocks carried away part of her sfcm- 
works, which remained fixed there thenceforward. 

For my own part, I think we may not only regard the 
story of the ship Argo as in reality a version, though 
much modified, of the account of Noah’s deluge, but 
consider the series of constellations, Aquarius, Cetus, 
Eridanus, Argo, Corvus, Centaurus, Ara, and Sagittarius, 
as typifying the same narrative. It is somewhat curious 
that if we place these constellations in their original 
position, — that is, as they were before the changes which 
the earth’s great gyration has introduced during the last 
four thousand years or so, — we find the following coin- 
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cidences with the account of the deluge. First comes 
Aquarius (whose beginning would correspond with the 
sun’s position on or about the seventeenth day of the 
second month of the old Pleiades year) pouring water. 
His range on the ecliptic (or the space he occupies in 
the annual range represented in the zodiac temple) is 
about forty days. Then came the watery constellations 
Eridanus, the river, and Cetus, the sea monster, having, 
with the ship Argo, a range of about 150 days of the 
annual circuit About forty days later in the circuit we 
find Corvus, the raven, whose feet rest on Hydra, the 
great celestial sea-serpent, as though no dry land could 
be found by the bird. A dove also, if we accept the in- 
terpretation above given of the Argo narrative, may have 
been represented in this part of the star temple. Next 
we have the Centaur, originally we know represented as 
a man only, offering an animal as sacrifice on the altar 
Ara. There is a cloud of stars rising from the altar: 
we may recall Manilius’s account of the constellation,— 

44 Ara, ferens thuris, stellis imitantibus, ignem.” * 


* “ The altar, bearing fire of incense, pictured by stars.* ’ A re- 
markably bright and complex portion of the Milky Way lies near 
the constellation Ara, giving the appearance of smoke ascending 
from the altar, only the altar must be set upright, as in my Gnomonic 
Atlas, not inverted as in all the modem maps. (It is shown pro- 
perly in the old Famese globe). 
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In this cloud is the Bow of Sagittarius, the bow being 
originally alone shown, as it is indeed the only figure 
which can be imagined among the stars of this region. 
So that these constellation figures seem to typify Noah 
offering sacrifice on the Altar, and the Bow of Promise 
set in the cloud above the altar. It is curious, too, that 
while the time of Noah’s leaving the ark was a year and 
ten days from the beginning of the rains, the constel- 
lation Sagittarius overlaps the conjoined watery signs 
Capricornus and Aquarius (running south of them) by 
about so much as would correspond to ten days of the 
annual circuit of the heavens. 

The objections to the view of matters above indicated 
are, first, that the constellations referred to seem to have 
been formed because of real resemblance between the 
star-groups and the figures associated with them ; and, 
secondly, that the Zodiac temples were probably erected 
by star-worshippers, and would scarcely have been em- 
ployed to typify such a narrative as that of the Deluge. 
The theory that the narrative itself was an attempt to 
interpret pictures represented on a Zodiac temple will, of 
course, be objectionable to many readers ; though they 
may not be unwilling to believe that the fable of the 
Argonautic expedition had its origin in some such way. 


It will have been noticed that in the figures which I 
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have given of the Great Bear, Lion, and Ship, I have 
not altogether adhered to my idea of simply connecting 
the stars of a group by lines. To say the truth, although 
a rough notion of a bear, lion, or ship may thus be 
given, the figure so presented is not altogether satis- 
factory to the mind. In any case, as for instance even 
in the Scorpion (of all these figures the best marked), 
the line-figure is very imperfect. But in some cases it 
does suggest the idea of an animal or figure, or a part of 
either, much in the same way that the idea of a human 
figure can be suggested by a few lines forming a skele- 
ton figure, such as our old friend Tommy Traddles used 
to draw. Now the Lion, Bear, and Ship are not well 
suited for this sort of delineation, as anyone will find 
who tries to suggest the idea of a bear, lion, or ship (of 
the old-fashioned heavily-sterned sort) by means of a 
few lines. 

In order, however, to show that in some cases a 
skeleton figure can be formed by joining the stars of 
a constellation, and that the figure thus formed repre- 
sents (of course in an utterly inartistic sort of way) the 
object associated with those stars, I will now take one or 
two instances in which such resemblance suggested itself 
to me without being specially sought for. I might add 
to the Crown, Dolphin, and Scorpion, the Chair of 
Cassiopeia, the figure of Orion, and the constellation of 
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the Cup; I omit these, however, not because they are 
unfit for my purpose, but because they so obviously 
illustrate my argument. No one, with the least power of 
imagination, can fail to see how a chair, a belted giant, 
and a cup, are pictured, as it were, in these constellations 
I will take others where the resemblance is less obvious. 

Thus, I think scarcely anyone who is acquainted 
with the constellation Andromeda can have failed to be 
perplexed by the association of the figure of a chained 
lady with this group of stars. In the arrangement of 
the stars themselves, without lines drawn to connect 
them, no such figure can be imagined; at least I fail 
utterly for my own part when I attempt to picture such 
a figure, even now that I recognise how the figure is 
formed, skeleton-wise, by connecting lines. I cannot but 
think this figure must have been imagined from pictures 
of the groups of stars with lines connecting them, and 
not from the stars themselves. There is this reason, 
among others, for so thinking, The lady’s head is repre- 
sented by a single star, Alpherat. Now a single star in 
the sky, however bright, is not large enough to represent 
the head of a human figure like Andromeda’s. But 
the representation of a bright star like Alpherat in a 
chart or sculpture has sufficient size to serve for a head, 
because size is the only way in which brightness can be 
indicated. 
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In fig. 40 the s';ars forming the constellation Andro- 
meda are shown ; also the chair of Cassiopeia j and, on 
the right, One of the fishes and the triangle. A group of 
stars in the upper left-hand corner marks the place of 




Fiff. 40.— Andromeda. 

the rock to which the chains are fastened which binu 
Andromeda's right hand. 

It cannot be said that the skeleton picture shewn 
in fig i° is very graceful or artistic ; but, on the other 
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hand, it cannot, I think, be doubted that there is enough 
in it to suggest the idea of a chained person. The 
fish naturally suggests the idea that the place is by the 
sea-shore. And the chair suggests the idea of some one 
on the shore waiting and watching. In our own time, 
probably, the idea suggested would be that of a person 
taking a bath, while some one sat in a chair on the sands 
and waited for their turn. But to the old observers of 
the heavens, unfamiliar as they were with sea-side diver- 
sions, the notion would more naturally occur of a woman 
chained to a rock, 

Lifting her long white arms, widespread, to the walls of the basalt ; 

while not far off was imagined among the stars the 
monster Cetus coming onward, 

bulky and black as a galley, 

Lazily coasting along, as the fish fled leaping before it 

One of these fish is seen close by the figure of the chained 
Andromeda. Near at hand they imagined the father 
md mother of the lady ; Cassiopeia sitting close to the 
shore; but 

Cepheus far in the palace 

Sat in the midst of his hall, on his throne, like a shepherd of people, 
Choking his woe dry-eyed, while the slaves wailed loudly around him 

The story of Andiomeda, as the reader doubtless 
knows, is not of Greek origin. Its real origin is lost in a 
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far antiquity. The Indians have the same story in their 
astronomical mythology, and almost the same names. 
Thus Wilford, in his Asiatic Researches, relating his 
conversation with an Indian astronomer, says, “ I asked 
him to show me in the heavens the constellation of An- 
tarmada, and he immediately pointed to Andromeda, 
though I had not given him any information about it 
beforehand. He afterwards brought me a very rare and 
curious work in Sanscrit, which contained a chapter 
devoted to Upcuiachatras> or extra-zodiacal constellations, 
with drawings of Capuja (Cepheus), and of Casyapi 
(Cassiopeia), seated and holding a lotus flower in her 
hand ; of Antarmada , chained, with the fish beside her ; 
and last, of Parasiea (Perseus), who, according to the 
explanation of the book, held the head of a monster 
which he had slain in combat ; blood was dropping from 
it, and for hair it had snakes.'’ 

As another illustration of the method I have de- 
scribed, I give the constellation Pegasus, or, as it was 
sometimes called, the Half-horse. I do not assert that 
fig. 41 presents a very well shaped steed, any more than 
that in fig. 40 a lady of exquisite proportions is pictured. 
But one can perceive how the stars suggest the idea of a 
horse in one case, and of a human figure with upraised 
fastened arms in the other. It is commonly stated that 
Pegasus is one of the constellations showing no resera* 
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blance at all to the figure associated with it. I think 
fig. 41 suffices to show that there is some slight resem- 
blance at least. 

It may be mentioned, in passing, that all the nations 
of antiquity would not be likely to form equally clear 
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Fig. 41. — Pegasus. 


conceptions ot figures in the heavens. There are 
marked differences between the various races of the 
human family in this respect, just as there are marked 
differences between various persons in the power of 
imagining figures under different conditions. Some 
persons see figures at once in a cloud, in the outline of a 
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tree, in a fire, in a group of accidental markings, and 
so forth ; while others not only do not see such figures, 
but cannot imagine them even when their outlines are 
indicated. So it is with different races of men. There 
have been some which, even when only just emerging 
from the utterly savage state, possessed so much of the 
imaginative power as to be able to picture for themselves, 
by lines cut with rude flint instruments on pieces of bone, 
horn, or ivory, the animals with which they were familiar. 
We have even among such pictures some belonging to 
an age so remote that the mammoth (or hairy elephant) 
had not yet entirely disappeared from Europe; for, in 
the cave of La Madeleine, at Dordogne, among other 
relics of the stone age, there has actually been found a 
drawing of the mammoth scratched on a piece of mam- 
moth tusk. On the other hand, there are some races in 
existence at the present day, in a more advanced stage 
of civilization, who cannot perceive even in well-exe- 
cuted coloured drawings any resemblance to the objects 
pictured. An aboriginal New Hollander, says Oldfield, 
“being shown a coloured engraving” of a member of his 
own tribe, “ declared it to be a ship, another a kangaroo, 
and so on ; not one of a dozen identifying the portrait as 
having any connection with himself.” A rude drawing, 
with all the lesser parts much exaggerated, they can 
realise. Thus, to give them an idea of a man, the head 
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must be drawn disproportionately large. Dr. Colling- 
wood tells us that when he showed a copy of the Illus- 
trated London Ninos to the Kibalaus of Formosa, he found 
it impossible to interest them by pointing out the most 
striking illustrations, “which they did not appear to 
comprehend.” Denham (I quote throughout from Lub- 
bock’s most valuable and interesting work on the Origin 
of Civilization) says that Bookhaloum, a man otherwise 
of considerable intelligence, though he readily recognised 
figures, could not understand a landscape. “I could 
not,” he says, “make him understand the print of the 
sand-wind in the desert, which is really so well de- 
scribed by Captain Lyons’ drawing. He would look at 
it upside down ; and when I twice reversed it for him he 
exclaimed, 4 Why ! why ! it’s all the same.’ A camel or 
a human figure was all I could make him understand, 
and at these he was all agitation and delight 4 Gieb ! 
Gieb ! — wonderful ! wonderful ! ’ The eyes first took his 
attention, then the other features; at the sight of the 
sword, he exclaimed , 4 Allah ! Allah ! ’ and, on discovering 
the guns, instantly exclaimed, 4 Where is the powder ? ’ ” 
We have in the consideration of this diversity of 
character between different races and nations, as respect* 
the power as well of imagining as of delineating figures 
(the two are closely connected), one means of Judging 
to what race we owe the original constellations. For 
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although some figures in the heavens are manifest 
enough, others require a considerable power of imagina- 
tion. And it should be noted that this must have been 
true even if we suppose (which I think I have succeeded 
in showing we need not do) that many of the stars have 
changed in brightness, and that thus resemblances have 
disappeared which formerly existed. For, in any case, 
the heavens four, ten, or twenty thousand years ago, or 
at whatever remote period we set the original invention 
of the constellations, must have presented the same 
characteristics as at present. It can never have been the 
case that all the star-groups could be compared at once, 
obviously, with the figures of men and animals. So that 
only a race of lively imagination could have found figures 
for all the star-groups, as was certainly done in very 
remote times by some race. 

The race, then, to whom we owe the general system 
of constellations, was probably one with so much talent 
for artistic delineation that in later ages this people 
would have become distinguished for skill in painting and 
sculpture. I think the sculptures found in Babylon, and 
the traditions left of the artistic skill of the Babylonians, 
correspond well with the belief that the constellations 
had their origin, and astronomy its fust development, 
among that people or a kindred race. 

But the chief lesson to be derived (and I think it may 
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fairly be derived) from the study of the constellation- 
groups is, that enough resemblance still remains, if only 
the arbitrary boundaries invented for the constellation 
figures in recent times are overlooked, to assure us that 
no very great changes have taken place in the aspect of 
the heavens for thousands of years. A few stars here 
and there have certainly changed greatly in brightness, 
and some few have changed considerably even in 
position; while a considerable number have probably 
changed slightly in brightness, and all, or very nearly 
all, have changed somewhat in position. But on the 
whole the aspect of the stellar heavens now is the 
same as it was when the constellation figures were first 
imagined. 

This thought not only assures us of the permanence 
of our own sun (seeing that among the thousands of 
his fellow-suns which spangle the heavens so few have 
changed in lustre), but seems to me to give to the study 
of the stars a singular charm. Our antiquaries and 
arcliccologists present for our study the relics of long 
past ages, and we may often rest assured that the objects 
thus gathered for us were really used in old times, 
though probably in a manner not understood by us, and 
when in a condition very unlike that in which they have 
reached our times. In nearly all such instances, however, 
doubt exists as to the antiquity of the relic, as to the 
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race to whom it really belonged, and as to its real use 
and purport But as regards the stellar heavens we 
have no doubt Of all the objects on which the eyes of 
remote races have rested, the celestial bodies are un- 
doubtedly the most ancient, while at the same time they 
and they alone were most certainly contemplated by all 
mankind. From the very earliest ages, from the time 
when the child-man first turned his thoughts from mere 
animal wants to the wonders of nature, the stars, and the 
sun and moon and planets must have drawn to themselves 
the attention of all who had eyes to see even though 
they had no power to understand the glories of the star- 
depths. Men pictured among the stars the objects most 
familiar to them, the herds and flocks which they tended, 
the herdsman himself, the waggoner, the huntsman, the 
birds of the air, the beasts of the field, the fishes of the 
sea, the ship, the altar, the bow, the arrow, and, one may 
say, all that according to their knowledge existed in the 
heavens above, in the earth beneath, and in the waters 
under the earth. Imperfect and anomalous as these 
meanings are, in relation to modern astronomy, with its 
exact methods, elaborate instruments, and profound 
investigations into the meaning of all the phenomena of 
the heavens, they nevertheless retain their place, and are 
likely long to do so, in virtue of the hold which they took, 
in remote ages, on the imagination of mankind in general 
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S a transit of Venus, visible in this coun- 
try, occurs in December, 1882, my readers, 
although they may not care for an account of 
the mathematical relations involved in the observation 
and calculation of a transit, will probably be interested 
by a simple explanation of the reasons why transits of 
Venus are so important in astronomy. 

Of course it is known that a transit of Venus is the 
apparent passage of the planet across the face of the 
sun, when, in passing between the earth and sun, as she 
does about eight times in thirteen years, she chances to 
come so close to the imaginary line joining the centres 
of those bodies that, as seen from the earth, she appears 
to be upon the face of the sun. We may compare her 
to a dove circling round a dovecot, and coming once in 
each circuit between an observer and her house. If in 

18 
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her circuit she flew now higher, now lower, or, in other 
words, if the plane of her path were somewhat aslant, 
she would appear to pass sometimes above the cot, 
and sometimes below it, but from time to time she 
would seem to fly right across it So Venus, in cir- 
cuiting round the sun, appears sometimes, when she 
comes between us and the sun, to pass above his face, 
and sometimes to pass below it ; but occasionally passes 
right across it. In such a case she is said to transit the 
sun’s disc, and the phenomenon is called a transit of 
Venus. She has a companion in these circuiting motions, 
the planet Mercury, though this planet travels much 
nearer to the sun. It is as though, while a dove were 
flying around a dovecot at a distance of several yards, 
a sparrow were circling round the cot at a little more 
than half the distance, flying a good deal more quickly. 
It will be understood that Mercury also crosses the face 
of the sun from time to time — in fact, a great deal oftener 
than Venus ; but, for a reason presently to be explained, 
the transits of Mercury are of no great importance In 
astronomy. One occurred in 1861, another in 1868; 
another in May, 1878; yet very little attention was 
paid to those events; and before the next transit of 
Venus, in 1882, there will be a transit of Mercury, in 
November, 1881 ; yet no arrangements have been made 
for observing Mercury in transit on these occasions; 
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whereas astronomers began to lay their plans for observ- 
ing the transit of Venus in 18S2, as far back as 1S57. 

The illustration which I have already used will serve 
excellently to show the general principles on which the 
value of a transit of Venus depends ; and as, for some 
inscrutable reasons, any statement in which Venus, the 
sun, and the earth are introduced, seems by many to be 
regarded as, of its very nature, too perplexing for anyone 
but the astronomer even to attempt to understand, my 
talk in the next few paragraphs shall be about a dove, a 
dovecot, and a window, whereby, perhaps, some may be 
tempted to master the essential points of the astronomical 
question who would be driven out of hearing if I spoke 
about planets and orbits, ascending nodes and descend- 
ing nodes, ingress and egress, and contacts internal and 
external. 

Suppose D, fig. 42, to be a dove flying between the 
window A B and the dovecot C c f and let us suppose 
that a person looking at the dove just over the bar A 
sees her apparently cross the cot at the level a, at 
the foot of one row of openings, while another person 
looking at the dove just over the bar B sees her cross 
the cot apparently at the level b t at the foot of the 
row of openings next above the row a. Now suppose 
that the observer does not know the distance or size of 
the cot, but that he does know in some way that the 
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dove flies just midway between the window and the 
cot; then it is perfectly clear that the distance a b 
between the two rows of openings is exactly the same 
as the distance A B between the two window-bars; so 
that our observers need only measure A B with a foot- 
rule to know the scale on which the dovecot is made. 
If A B is one foot, for instance, then a b is also one 
foot; and if the dovecot has three equal divisions, 
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as shown at the side, then C c is exactly one yard 
in height. 

Thus we have here a case where two observers, with- 
out leaving their window, can tell the size of a distant 
object 

And it is quite clear that wherever the dove may pass 
between the window and the house, the observers will 
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De equally able to determine the size of the cot, if 
only they know the relative distances of the dove and 
dovecot. 


Thus, if D a is twice as great as D A, as in fig. 43, 



then a b is twice as great as A B, the length which the 
observers know ; and if D a is only equal to half D A, 
as in fig. 44, then a b is only equal to half the known 



length A B. In every possible case the length of a b 
is known. Take one other case in which the proportion 
is not quite so simple : — Suppose that D a is greater 
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than D A in the proportion of 18 to 7, as in fig. 45 • 
then b a is greater than A B in the same proportion ; so 
that, for instance, if A B is a length of 7 inches, b a is 
a length of 18 inches. 
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We see from these simple cases how the actual size of a 
distant object can be learned by two observers who do 
not leave their room, so long only as they know the re- 
lative distances of that object and of another which comes 
between it and them. We need not specially concern 
ourselves by inquiring how they could determine this 
last point : it is enough that it might become known 
to them in many ways. To mention only one. Sup- 
pose the sun was shining so as to throw the shadow 
of the dove on a uniformly paved court between the 
house and the dovecot, then it is easy to conceive 
how the position of the shadow on the uniform paving 
would enable the observers to determine (by count- 
ing rows) the relative distances of dove and dovecot. 

Now, Venus comes between the earth and sun pre- 
cisely as the dove in fig. 45 comes between the window 
A B and the dovecot b a. The relative distances are 
known exactly, and have been known for hundreds of 
years. They were first learned by direct observation ; 
Venus going round and round the sun, within the path 
of the earth, is seen now on one side (the eastern side) 
of the sun as an evening star, and now on the other side 
(the western side) as a morning star, and when she 
seems farthest away from the sun in direction E V (fig. 
46) in one case, or E v in the other case, we know that 
the line E V or E v, as the case may be, must just touch 
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her path ; and perceiving how far her place in the 
heavens is from the sun’s place at those times, we know, 
in fact, the size of either angle S E V or S E v, and, 
therefore, the shape of either triangle S E V or S E v. 
But this amounts to saying that we know what pro- 



portion S E bears to S V — that is, what proportion the 
distance of the earth bears to the distance of Venus.* 

* There is, however, a much more perfect way of determining 
this proportion, by applying the law which Kepler found to con- 
nect the distances of the planets from the sun with the times in 
which they complete the circuits of their orbits. The law is that, 
if we take any two planets, and write clown the numbers expressing 
their periods of circuit (say in days), and the numbers expressing 
their distances from the sun (say in miles) in the same order ; then 
if we multiply each number of the first pair into itself, and each 
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This proportion has been found to be very nearly 
that of ioo to 72; so that when Venus is on a line 
between the earth and sun, her distances from these 
two bodies are as 28 to 72, or as 7 to 18. 

These distances are proportioned precisely then as 
D A to D a in fig. 45 ; and the very same reasoning 
which was true in the case of dove and dovecot is 
true when for the dove and dovecot we substitute Venus 
and the sun respectively, while for the two observers 
looking out from a window we substitute two observers 

number of the second pair twice into itself, the four numbers thus 
obtained will be proportional ; that is to say, as the first is to the 
second, so will the third be to the fourth. Now, as every one 
knows who has worked sums in the rule of three, when any three 
are given out of four proportionals, the fourth can always be 
found ; but we know the periods of circuit both of the earth and 
Venus (365*2564 days and 224*7008 days respectively) very exactly 
indeed, because they have traversed their orbits so many times since 
they began to be observed by astronomers. We can call the earth’s 
distance ioo, and then applying the rule just stated, we get Venus’ 
distance relatively to the earth’s. The reader who cares to work 
out this little sum will find no difficulty whatever — if at least he is 
able to extract the cube roots of any number. The proportion 
runs thus : — 

365*2564 X 365*2564 : 224*7008 X 224*7008 

: : 100 X ioo X 100 : (Venus’ distance cubed.) 

Work out this sum and we get for Venus’ distance 72*333. The 
ratio of Venus* distance to the earth’s is almost exactly expressed 
by the numbers 217 and 300. 
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stationed at two different parts of the earth. It makes 
no difference in the essential principles of the problem 
that in one case we have to deal with inches, and in 
the other with thousands of miles ; just as in speaking of 
fig* 45 we reasoned that if A B, the distance between 
the eye-level of the two observers, is 7 inches, then 
b a is 18 inches, so we say that if two stations, A and B, 
fig. 47, on the earth E, are 7000 miles apart (measuring 
the distance in a straight line), and an observer at A 

S 



sees Venus’ centre on the sun’s disc at a , while an 
observer at B sees her centre on the sun’s disc at b , 
then b a (measured in a straight line, and regarded 
as part of the upright diameter of the sun) is equal 
to 18,000 miles. So that if two observers, so placed, 
could observe Venus at the same instant, and note 
exactly where her centre seemed to fall, then since they 
would thus have learned what proportion b a is of 
the whole diameter S S' of the sun, they would know 
how many miles there are in that diameter. Suppose, 



282 


TRANSITS OF VENUS . 


for instance, they found, on comparing notes, that ba 
is about the 47th part of the whole diameter, they 
would know that the diameter of the sun is about 47 
times 18,000 miles, or about 846,000 miles. 

Now, finding the real size of an object like the sun, 
whose apparent size we can so easily measure, is the 
same thing as finding his distance. Any one can tell 
how many times its own diameter the sun is removed 
from us. Take a circular disc an inch in diameter, 
—a halfpenny, for instance — and see how far away it 
must be placed to exactly hide the sun. The distance 
will be found to be rather more than 107 inches, so 
that the sun, like the halfpenny which hides his face, 
must be rather more than 107 times his own diameter 
from us. But 107 times 846,000 miles amounts to 
90,522,000 miles. This, therefore, if the imagined 
observations were correctly made, would be the sun's 
distance. 

I shall next show how Halley and Delisle contrived 
two simple plans to avoid the manifest difficulty of carry- 
ing out in a direct manner the simultaneous observa- 
tions just described, from stations thousands of miles 
apart. 

We have seen that the determination of the sun’s dis- 
tance by observing Venus on the sun’s face would be a 
matter of perfect simplicity if we could be quite sure 
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that two observations were correctly made, and at exactly 
the same moment, by astronomers stationed one far to 
the north, the other far to the south. 

The former would see Venus as at A, fig. 48, the other 
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Fig. 48. 

would see her as at B j and the distance between the 
two lines a a! and b b\ along which her centre is travel* 
ling, as watched by these two observers, is known quite 
certainly to be 18,000 miles, if the observers* stations are 
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7,000 miles apart in a north-and-south direction (mea- 
sured in a straight line). Thence the diameter S S' of 
the sun is determined, because it is observed that the 
known distance a b is such and such a part of it And 
the real diameter in miles being known, the distance 
must be 107 times as great, because the sun looks as 
large as any globe would look which is removed to a 
distance exceeding its own diameter (great or small) 
107 times. 

But unfortunately it is no easy matter to get the 
distance a b , fig 48, determined in this simple manner. 
The distance 18,000 miles is known ; but the difficulty 
is to determine what proportion the distance bears to 
the diameter of the sun S S'. All that we have heard 
about Halley’s method and Delisle’s method relates only 
to the contrivances devised by astronomers to get over 
this difficulty. It is manifest that the difficulty is very 
great. 

For, first, the observers would be several thousand 
miles apart. How then are they to ensure that their 
observations shall be made simultaneously? Again, 
the distance a b is really a very minute quantity, and 
a very slight mistake in observation would cause a very 
great mistake in the measurement of the sun’s distance. 
Acordingly, Halley devised a plan by which one ob- 
server in the north (or as at A, fig. 47) would watch 
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Venus as she traversed the sun's face along a lower path, 
as a a\ fig. 49 ; while another in the south (or as at B, 
fig. 47) would watch her as she traversed a higher path, 
as b b\ fig. 49. By timing her they could tell how long 



the: sun 



Ft. 49. 

these paths were, and therefore how placed on the sun's 
face, as in fig. 49 ; that is, how far apart, which is the 
same thing as determining £ a, fig. 48. This was Halley's 
plan, and as it requires that the duration of the trails^ 
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should be timed, it is called the method of durations. 
Delisle proposed another method — viz., that one ob- 
server should time the exact moment when Venus, seen 
from one station, began to traverse the path a a\ while 
another should time the exact moment when she began 
to traverse the path b V ; this would show how much b 
is in advance of a, and thence the position of the two 
paths can be determined. Or two observers might note 
the end of the transit, thus finding how much d is in 
advance of b\ This is Delisle's method, and it has this 
advantage over Halley's — that an observer is only re- 
quired to see either the beginning or the end of the 
transit, not both. 

I shall not here consider, except in a general way, the 
various astronomical conditions which affect the applica- 
tion off these two methods. Of course, all the time that 
a transit lasts, the earth is turning on her axis ; and as a 
transit may last as long as eight hours, and generally lasts 
from four to six hours, it is clear that the face of the 
earth turned towards the sun must change considerably 
between the beginning and end of a transit. So that 
Halley's method, which requires that the whole duration 
of a transit should be seen, is hampered with the diffi- 
culty arising from the fact that a station exceedingly well 
placed for observing the beginning of the transit might be 
very ill placed for observing the end, and vice versA . 
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Delisle’s method is free from this objection, because an 
observer has only to note the beginning or the end, not 
both. But it is hampered by another. Two observers 
who employ Halley’s method have each of them only to 
consider how long the passage of Venus over the sun’s 
face lasts ; and they are so free from all occasion to 
know the exact time at which the transit begins and 
ends, that theoretically each observer might use such 
an instrument as a stop-watch, setting it going (right 
or wrong as to the time it showed) when the transit 
began, and stopping it when the transit was over. But 
for Delisle’s method this rough-and-ready method would 
not serve. The two observers have to compare the two 
moments at which they severally saw the transit begin, — 
and to do this, being many thousand miles apart, they 
must know the exact time. Suppose they each had a 
chronometer which had originally been set to Greenwich 
time, and which, being excellently constructed and care- 
fully watched, might be trusted to show exact Greenwich 
time, even though several months had elapsed since it 
was set Then all the requirements of the method 
would be quite as well satisfied as those of the other 
method would be if the stop-watches just spoken of 
went at a perfectly true rate during the hours that the 
transit lasted. But it is one thing to construct a time- 
measure which will not lose or gain a few seconds in a 
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few hours, and quite another to construct one which will 
not lose or gain a few seconds in a journey of many thou- 
sand miles, followed perhaps by two or three months* 
stay at the selected station. An error of five seconds 
would be perfectly fatal in applying Delisle’s method, 
and no chronometer could be trusted under the condi- 
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i' ig. 50. 

tions described to show true time within ten or twelve 
seconds. Hence astronomers had to provide for other 
methods of getting true time (say Greenwich time) than 
the use of chronometers ; and on the accuracy of these 
astronomical methods of getting true time depended 
the successful use of Delisle’s method. 
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Then another difficulty had to be considered, which 
affected both methods. It was agreed by both Halley 
and Delisle that the proper moment to time the begin- 
ning or end of transit was the instant when Venus was 
just within the sun’s disc, as in fig. 50, either having just 



the sun j 

Fig. 5X. 

completed her entry, or being just about to begin to pass 
off the sun’s face. If at this moment Venus presented a 
neatly defined round disc, exactly touching the edge of 
the sun, also neatly defined, this plan would be perfect. 
At the very instant when the contact ceased at the entry 
of Venus, the sun’s light would break through between 

*9 
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the edges of the two discs, and the observer would only 
have to note that instant ; while, when Venus was leaving 
the sun, he would only have to notice the instant when 
the fine thread of light was suddenly divided by a dark 
point. But unfortunately Venus does not behave in 
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this way, at least not always. With a very powerful and 
very excellent telescope, in perfectly calm, clear weather, 
and with the sun high above the horizon, she probably 
behaves much as Halley and Delisle expected. But 
under less favourable conditions, she presents at the 
moment of entry or exit some such appearance as is 
shown in figures 51, 52, and 53,, while wnth a very low 
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sun she assumes all sorts of shapes, continually chang- 
ing, being for one moment, perhaps, as in one or other 
of figs. 51, 52, and 53, and in the next distorted into 
some such pleasing shape as is pictured in fig, 54. 

Accordingly, many astronomers are disposed to regard 


1 



Fig- 5> 


both Halley’s method and Delisle’s as obsolete, and to 
place reliance on the simple method of direct observation 
first described. They would, however, of course bring to 
their aid all the ingenious devices of modem astronomical 
observation in order to overcome the difficulties inherent 
in that method. One of the contrivances naturally sug- 
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gested to meet such difficulties is to photograph the sun 
with Venus upon his face. The American astronomers 
in particular, consider that the photographic results 
obtained during the transit of 1874 will outweigh those 
obtained by all the other methods. The German and 
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Russian astronomers, as well as those of Lord Lindsay’s 
expedition, while placing great reliance on photography, 
employed also a method of measuring the position of 
Venus on the sun’s disc, by means of a kind of telescope 
specially constructed for such work, the peculiarities of 
which need not be here considered 
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The observations made in 1769 were so imperfect that 
astronomers deduced a distance fully 3,000,000 miles 
too great. Of late, other methods of observation had 
set them much nearer the true distance, which has been 
judged to lie certainly between 91,800,000 miles and 
92,600,000 miles — a tolerably wide range. 

But it may perhaps occur to some that the distance of 
the sun may be changing. The earth might be drawing 
steadily in towards the sun, and so all our measurements 
might be deceptive. Nay, the painful thought might 
present itself that when the observations of 1769 were 
made, the sun really was farther away than at present by 
more than 3,000,000 of miles. If this were so, the earth 
would, in the course of a century, have reduced her dis- 
tance by fully one-thirtieth part, so that, supposing the 
approach to continue, she would in 3,000 years fall into 
the sun, while, long before that period had elapsed, the 
increased heat to which she would be exposed would 
render life impossible. 

Fortunately, we know quite certainly that no such 
approach is taking place. It is known that the distance 
of the earth from the sun cannot change without a 
corresponding change in her period of revolution — that 
is, in the length of the year. The law connecting these 
two (indicated in the note, page 279) is such that, on the 
reduction of the distance by any moderate portion the 
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period would be reduced by a portion half as great again. 
For instance : if the distance of the earth from the sun 
were reduced by a thirtieth part (or about 3,000,00a 
miles) the length of the year would be reduced by a 
thirtieth and half a thirtieth — that is, by a twentieth 
part, or by more than eighteen days. We know that no 
such change has taken place during the last century, or 
since the beginning of history. Nay, from the Chal- 
dean estimate of the length of the year, which only 
exceeded ours by about two minutes, it is easily shown 
that the distance of the earth from the sun has not 
diminished 200 miles within the last 2,500 years. So 
that, assuming even that the earth is approaching the 
sun at this rate, or eight miles in a century, it would be 
1,250,000 years before the distance would be diminished 
by 100,000 miles, which is the probable limit of error in 
the determination of the sun’s distance. 

If, finally, it be asked, What, after all, is the use of 
determining the sun’s distance ? the answer we shall give 
must depend on the answer given to the question, What, 
after all, is the use of knowing any facts in astronomy 
other than those useful in navigation, surveying, and so on? 
And I think that this question would introduce another 
and a wider one — viz., What is the use of that quality in 
man’s nature which makes him seek after knowledge 
for its own sake ? I certainly do not propose to consider 
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this question, nor do I think that the reader will find 
any difficulty in understanding u<hy I do not. But 
accepting the facts : (1) that we arc so constituted 
as to seek after knowledge ; and (2) that knowledge 
about the celestial orbs is interesting to us, quite 
apart from the use of such knowledge in navigation 
and surveying, it is easy to s.'ow that the determina- 
tion of the sun’s distance is a matter full of interest. 
For on our estimate of the sun’s distance depend our 
ideas as to the scale, not only of the solar system, 
but of the whole of the visible universe. The size of 
the sun, his mass, and therefore his might, the scale 
of those wonderful operations which we know to be 
taking place upon, and within, and around the sun ; 
all these relations, as well as our estimate of the size and 
mass of every planet, and therefore our estimate of the 
earth’s relative importance in the solar system, depend 
absolutely and directly on the estimate we form of the 
sun’s distance. Such being the case (this being in point 
of fact the cardinal problem of dimensional astronomy) it 
cannot but be thought that, great as were the trouble 
and expense of the expeditions sent out to observe 
the transit of 1874, they were devoted to an altogether 
worthy cause. 
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Sandars. Crown 8vo, cloth extra, with 
639 Illustrations, 78 . 6d. 


Art (The) of Amusing : A Col- 
lection of Graceful Arts, Games, Tricks, 
Puzzles, and Charades. By Frans 
Bellew. With 300 Illustrations. Cr. 
8vo, cloth extra, 4 s. 6d. 


Artemu8 Ward : 

Artemua Ward’s Works: The Works 
of Charles Farrer Browne, better 
known as Artemus Ward. With 
Portrait and Facsimile. Crown 8vo, 
cloth extra, 7 s. 6cL 

Artemus Ward’s Lecture on the 
Mormons. With 32 Illustrations. 
Edited, with Preface, by Howard P. 

Kingston. Crowa 8vo, 6tL 
The Genial Showman: Life and Ad- 
ventures of Artemus Ward. By 
Edward P. Hinqston. With 1 
Frontispiece. Crown 8vo, cloth ex tr A 





s 


BOOKS PUBLISHED BY 


Ashton (John), Works by: 

A History of the Chap-Books of the 
Eighteenth Century. With nearly 
400 Illusts., engraved in facsimile of 
the originals. Cr. 8vo, cl. ex., 7 s. 6d. 
Soolal Life In the Reign of Queen 
Anne. From Original Sources. With 
nearly ioolllusts. Cr. 8 vo,cl.ex., 7 s. 6 d. 
Humour, Wit, and Satire- of the 
Seventeenth Century. With nearly 
xoo Illusts. Cr. 8vo, cl. extra, 7s. 6d. 
English Caricature and Satire on 
Napoleon the First. With 120 Illus- 
trations from the Originals. Two 
Vols., demy 8vo, 288 . [In preparation. 

Bacteria — A Synopsis of the 

Bacteria and Yeast Fungi and Allied 
Species. By W. B. Grove, B.A. With 
over 100 Illustrations. Cr. 8vo, cloth 
extra, 3s. 6d. [In prepara t ion. 

Balzac’s “ Comedie Humaine ” 

and its Author. With Translations by 
H.H. Walker. Post 8vo, cl. limp, 2 s. 6d. 

Bankers, A Handbook of Lon- 
don; together with Lists of Bankers 
from 1677. By F. G. Hilton Price. 
Crown 8vo, cloth extra, 7 s. G 4 . 

Bardsiey (Rev. C.W.), Works by : 
English Surnames: Their Sources and 
Significations. Cr.8vo,cl. extra, 7s.6d. 
Curiosities of Puritan Nomencla- 
ture. Crown 8vo, cloth extra, 7s. 6d. 

Bartholomew Fair, Memoirs 
of. By Henry Morley. With too 
Illusts. Crown 8vo, cloth extra, 7 s. 6d. 

Beauchamp. — Grantley 

Orange: A Novel. By Shelsley 
Beauchamp. Post 8vo, illust. bds., 2 B. 

Beautiful Pictures by British 
Artists: A Gathering of Favourites 
from our Picture Galleries. In Two 
Series. All engraved on Steel in the 
highest style of Art. Edited, with 
Notices of the Artists, by Sydney 
Armytagb, M.A. Imperial 4to, cloth 
extra, gilt and gi lt edges, 21 s. per Vol. 

Bechstein. — As Pretty as 
Seven, and other German Stories. 
Collected by Ludwig Bechstein. 
With Additional Tales by the Brothers 
Grimm, and xoo Illusts. by Richter. 
Small 4to, grfeen and gold, 6s. fid. ; 
gilt edges, 7b. fid. 

Beerbohm.— Wanderings in 

Patagonia; or, Life among the Ostrich 
Hunters. By Julius Beerbohm. With 
UlutU. Crown 8vo, cloth extra, 3s. fid. 


Belgravia for 1884. One 

Shilling Monthly, Illustrated by P* 
Macnab.— Two Serial Stories are now 
appearing in this Magazine: "The 
Lover’s Creed/’ by Mrs. Cashel 
Hoey ; and “ The Wearing of the 
Green,” by the Author of “ Love the 
Debt.” 

*** Now ready, the Volume for Novem- 
ber, 1883, to February, 1884, cloth extra, 
eilt edges, 7s. fid.; Cases for binding 
Vols., 2s. each. 


Belgravia Holiday Number. 

With Stories by James Payn, F. W. 
Robinson, J. Arbuthnot Wilson, 
and others. Demy 8 vo, with Illustra- 
tions, Is. [Preparing. 

Bennett (W.C..LL.D.), Works by: 

A Ballad History of England. Post 

8vo, cloth limp, 2s. 

Songs for Sailors. Post 8 vo, cloth 
limp, 28 . 

Besant (Walter) and James 

Rice, Novels by. Post 8 vo, illust 
boards, 2 s. each ; cloth limp, 2 s. 6 d. 
each; or crown 8 vo, cloth extra, 
3s. 6 d. each. 

Ready-Money Mortlboy. 

With Harp and Crown. 

This Son of Vulcan. 

My Little Girl. 

The Case of Mr. Lucrafl. 

The Golden Butterfly. 

By Celia’s Arbour. 

The Monks of Thelema. 

’Twas In Trafalgar’s Bay. 

The Seamy Side. 

The Ten Years’ Tenant. 

The Chaplain of the Fleet. 

Besant (Waiter), Novels by: 
All Sorts and Conditions of Men: 
An Impossible Story. With Illustra 
tions by Fred. Barnard. Crown 
8vo, cloth extra. 8 s. fid.; post 8 vo, 
illustrated boards, 2 s. 

The Captains’ Room, Jto. With 
Frontispiece by E. J. Wheeler. 
Crown 8 vo, cloth extra, Ss. fid, ; post 
8 vo, illustrated boards, 2 s. 

All In a Garden Fair. Three Volt., 
crown 8 vo. 

Dorothy Forster. Three Vols., crown 
8 vo. [ [Shortly . 

Betham-Edwards (M.), Novels 

by. Crown 8 vo, cloth extra, 81 . fid. 
each. ; post 8 vo, illust. bds., 8i. each. 
Felicia. | Kitty. 
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Bewick (Thomas) 8c his Pupils. 

By Austin Dobson. With too Illus- 
trations. Square 8vo, cloth extra, 
10s. 6d. [ Preparing . 

Birthday Books: — 

The Starry Heavens: A Poetical 
Birthday Book. Square 8vo, hand- 
somely bound in cloth, 2s. 6d. 
Birthday Flowers: Their Language 
and Legends. By W. J. Gordon. 
Beautifully Illustrated in Colours by 
Viola Boughton. In illuminated 
cover, crown 4to, 6s. 

The Lowell Birthday Book. With 
Illusts., small 8vo, cloth extra, 4s. 6d. 

Bishop. — Old Mexico and her 
Lost Provinces. By William Henry 
Bishop. With 120 Illustrations. Demy 
8vo, cloth extra, 10s. 64. 

Blackburn’s (Henry) Art Hand- 
books. Demy 8vo, Illustrated, uni- 
form in size for binding. 

Academy Notes, separate years, from 
1875 to 1883, each 18. 

Academy Notes, 1884. With Illustra- 
tions. Is. [Preparing. 

Academy Notes, 1875-79. Complete 
in One Vol.,witb nearly 600 Illusts. in 
Facsimile. Demy 8vo, cloth limp, 6s. 
Grosvenor Notes, 1877. 6 d. 
Groavenor Notes, separate years, from 
1878 to 1883, each Is. 

Grosvenor Notes, 1884. With Illus- 
trations. la. [ Preparing . 

Grosvenor Notes. 1877-82. With 
upwards of 300 Illustrations. Demy 
8vo, cloth limp, 68. 

Pictures at South Kensington. With 
70 Illustrations. Is. 

The English Pictures at the National 
Gallery. 114 Illustrations. Is. 

The Old Masters at the National 
Gallery. 128 Illustrations. Is. 6d. 

A Complete Illustrated Catalogue 
to the National Gallery. With 
Notes by H. Blackburn, and 24 a 
Illusts. Demy 8vo, cloth limp, 3a. 

The Paris Salon, 1884. With over 300 
Illusts. Edited by F. G. Dumas. 
Demy 8vo, 3s. [Preparing. 

The Art Annual, 1883-4. Edited by 
F. G. Dumas. With 300 full-page 
1 11 ustratio ns. Demy 8vo, 5s. 

Boccaccio’s Decameron ; or, 

Ten Days’ Entertainment. Translated 
into English, with an Introduction by 
Thomas Wright, F.S.A. With Portrait, 
and Stotharo' 8 beautiful Copper- 
plates. Cr. 8vo, cloth eitra, gilt, 71. 6d. 


Blake (William): Etchings from 

his Works. By W. B. Scott. With 
descriptive Text. Folio, half-bound 
boards, India Proofs, 21 b. 

Bowers’(G.) Hunting Sketches: 

Canters In Crampshlre. Oblong 4 to* 
half-bound boards, 2lB. 

Leaves from a Hunting Journal. 
Coloured in facsimile of the originals. 
Oblong 4to, hall-bound, 21s. _____ 

Boyle (Frederick), Works by: 
Camp Notes: Stories of Sport and 
Adventure in Asia, Africa, and 
America. Crown 8vo, cloth extra, 
3s. 6d. ; post 8vo, illustrated bds.,28. 
Savage Life. Crown 8vo, cloth extra, 
33. 6d. ; post 8vo, illustrated bds., 2s. 

Brand’s Observations on Pop- 
ular Antiquities, chiefly Illustrating 
the Origin of our Vulgar Customs, 
Ceremonies, and Superstitions. With 
the Additions of Sir Henry Ellis. 
Crown 8vo, cloth extra, gilt, with 
numerous Illustrations, 7a. 6a. 

Bret Harte, Works by : 

Bret Harte’s Collected Works. At* 
ranged and Revised by the Author. 
Complete in Five Vols., crown 8vo, 
cloth extra, 6s. each. 

Vol. I. Complete Poetical amd 
Dramatic Works. With Steel Por- 
trait, and Introduction by Author. 
Vol. II. Earlier Papers— Luck of 
Roaring Camp, and other Sketches 
— Bohemian Papers — Spanish 
and American Legends. 

Vol. III. Tales of the Argonaut* 
—Eastern Sketches. 

Vol. IV. Gabriel Conroy. 

Vol. V. Stories — Condensed 
Novels, &c. 

The Select Works of Bret Harte, In 

Prose and Poetry. With Introduc- 
tory Essay by J. M. Bellew, Portrait 
of the Author, and 50 Illustrations. 
Crown 8vo, cloth extra, 7s. 6d. 

Gabriel Conroy: A Novel. Post8vo, 
illustrated boards, 2s. 

An Heiress of Red Dog, and other 
Stories. Post 8vo, illustrated boards^ 
2s. ; cloth limp, 2s. 6d. 

The Twins of Table Mountain. Fcapu 
8vo, picture cover, Is. ; crown 8v^ 
cloth extra, 3s. 6d. 

Luck of Roaring Camp, and other 
Sketches. Post 8vo, illust. bds^ to 
Jeff Briggs’s Love Story. Fcap 8vo* 
picture cover, Is. ; cloth extra, 28- 6A. 
Flip. Post 8 vo, illustrated boards, to ; 
cloth limp, 28. 6<L 

Californian Stories (including Th* 
Twins of Table Mountain, Jeff 
Briggs’s Love Story, Ac.) Post 
8 vo, illustrated boards, to 
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BOOKS PUBLISHED BY 


Brewer (Rev. Dr.), Works by : 
The Reader’s Handbookof Allusions, 
References, Plots, and Stories. 
Third Edition, revised throughout, 
with a New Appendix, containing a 
Complete English Bibliography. 
Cr. 8 vo, 1,400 pp., cloth extra, 7 b. 6 d. 

A Dictionary of Miracles: Imitative, 
Realistic, and Dogmatic. Crown 8 vo, 
cloth extra, 7s. 6 d. [Immediately, 


Brewster(SirDavld), Works by: 

More Worlds than One: The Creed 
of the Philosopher and the Hope of 
the Christian. With Plates. Post 
8 vo, cloth extra, 4s. 6d. 

The Martyrs of Science: Lives of 
Galileo, Tycho Brahe, and Kep- 
ler. With Portraits. Post 8 vo, cloth 
extra, 4s. 6 dL 

Letters on Natural Magla. A New 

Edition, with numerous illustrations, 
and Chapters on the Being and 
Faculties of Man, and Additional 
Phenomena of Natural Magic, by 
J. A. Smith. Post 8vo, cloth extra, 
48. 6 <L 


Brlllat-Savarin.— Gastronomy 
as a Fine Art. By Brillat-Savarin. 
Translated by R. E. Anderson, M.A. 
Post 8 vo, cloth limp, 2s. 6 d. 


Browning. — The Pied Piper of 

Hamelin. By Robert Browning. 

Illust. by George Carlins, Large 

4 to, illuminated cover, 1 b. 

[In preparation. 

lurnett (Mrs.), Novels by : 

Surly Tim, and other Stories. Post 
8 vo, illustrated boards, 2s. 

Kathleen Mavourneen. Fcap. 8 vo, 
picture cover, Is. 

Lindsay’s Luck. Fcap. 8 vo, picture 
cover, Is. 

Pretty Polly Pemberton. Fcap. 8 vo 
picture cover. Is. 


trton (Captain), Works by : 

To the Gold Coast for Gold : A Per- 
sonal Narrative. By Richard F. Bur- 
ton and Verney Lovett Cameron. 
With Maps and Frontispiece. Two 
Vols., crown 8 vo, cloth extra, 21s. 
'he Book of the Sword: Being a 
History of the Sword and its Use in 
all Countries, from the Earliest 
Times. By Richard F. Burton. 
With over 400 Illustrations. Square 
8 vo, cloth extra, 32s. 


Buchanan’s (Robert) Works: 


Burton (Robert): 

The Anatomy of Melancholy. A 

New Edition, complete, corrected 
and enriched by Translations of the 
Classical Extracts. Demy 8 vo, cloth 
extra, 7s. 6 cL 

Melancholy Anatomised : Being an 
Abridgment, for popular use, of Bur- 
ton’s Anatomy of Melancholy, 
Post 8 vo, doth limp, 2s. 6d. 


Ballads of Life, Love, and Humour. 
With a Frontispiece by Arthur 
Hughes. Crown 8 vo, cloth extra, 6s. 

Selected Poems of Robert Buchanan. 
With Frontispiece by T. Dalziel. 
Crown 8 vo, cloth extra, 6 s. 

Undertones. Cr. 8 vo, cloth extra, 6 & 

London Poems. Crown 8 vo, clotfc 
extra, 6 s. 

The Book of Orm. Crown Bvo, clot! 
extra, 6 s. 

White Rose and Red: A Love Storf , 
Crown 8 vo, cloth extra, 6 s. 

Idylls and Legends of Inverburil. 
Crown Bvo, cloth extra, 6 s. 

St. Abe and his Seven Wives : A TalW 
of Salt Lake City. With a Frontis- 
piece by A. B. Houghton. Crown 
8 vo, cloth extra, 58. 

The Hebrld Isles: Wanderings in the 
Land of Lome and the Outer Ho* 
brides. With Frontispiece by W. 
Small. Crown 8 vo, cloth extra, 69. 

A Poet’s Sketch-Book: Selection* 
from the Prose Writings of Robert 
Buchanan. Crown 8 vo, cl. extra, 6 s. 

The Shadow of the Sword : A Ro- 
mance. Crown 8 vo, cloth extra, 
38. 6 d. ; post 8 vo, illust. boards, 2s. 

A Child of Nature : A Romance. With 
a Frontispiece. Crown 8 vo, cloth 
extra, 3s. 6 d. ; post 8 vo, illust. bds., 2s. 

God and the Man : A Romance. With 
Illustrations by Fred. Barnard. 
Crown 8 vo, cloth extra, 3s. 6 d. ; post 
8 vo, illustrated boards, 2 s. 

The Martyrdom of Madeline: A 
Romance. With Frontispiece by A. W, 
Cooper. Cr. 8 vo, cloth extra, 38. 6d.; 
post 8to, illustrated boards, 2s. 

Love Me for Ever. With a Frontis- 
piece by P. Macnab. Crown 8vo, 
cloth extra, 3s. 6 d.; post 8 vo, illus- 
trated boards, 2 s. 

Annan Water: A Romance. Three 
Vols., crown 8 vo. 

The New Abelard: A Romance. Three 
Vols., crown 8 vo. 

Foxglove Manor: A Novel. Three 
Vols., crown 8 vo. [In preparation. 

Robert Buchanan’s Complete Poeti- 
cal Works. With Steel-Plate Por* 
trait. Crown 8 vo, cloth extra, 7s. 6 d. 

[In the press , 
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Bunyan’s Pilgrim's Progress. 

Edited by Rev. T. Scott. With 17 
Steel Plates by Stothard, engraved 
by Goodall, and numerous Woodcuts. 
Crown 8 vo, cloth extra, gilt, 7s. 6 d. 


Byron (Lord) : 

Byron’s Letters and Journals. With 
Notices of his Life. By Thomas 
Moore. A Reprint of the Original 
Edition, newly revised, with Twelve 
full-page Plates. Crown 8 vo, cloth 
extra, gilt, 7s. 6 d. 

Byron’s Don Juan. Complete in One 
Vol., post 8 vo, cloth limp, 2s. 


Cameron (Commander) and 
Captain Burton.— To the Gold Coast 
for Gold: A Personal Narrative. By 
Richard F. Burton and Verney 
Lovett Cameron. With Frontispiece 
and Maps. Two Vols., crown 8 vo, 
cloth extra, 21 s. 


Cameron (Mrs. H. Lovett), 

Novels by: 

Juliet’s Guardian. Post 8 vo, illus- 
trated boards, 2 s. ; crown 8 vo, cloth 
extra, 3s. 6 d. 

Deceivers Ever. Post 8 vo, illustrated 
boards, 2 s. : crown 8 vo, cloth extra, 
3s. 6 d. 


Campbell.— White and Black : 

Travels in the United State*. By Sir 
George Campbell, M.P. Demy 8 vo, 
cloth extra, 14s. 


Carlyle (Thomas) : 

Thomas Carlyle: Letters and Re- 
collections. By Moncure D. Con- 
way, M.A. Crown 8 vo, cloth extra, 
with Illustrations, 6 s. 

On the Choice of Books. By Thomas 
Carlyle. With a Life of the Author 
by R. H. Shepherd. New and Re- 
vised Edition, post 8 vo, cloth extra, 
Illustrated, Is. 6 d. 

The Correspondence of Thomas 
Carlyle and Ralph Waldo Emerson, 
1834 to 1872 . Edited by Charles 
Eliot Norton. With Portraits. Two 
Vols., crown 8 vo, cloth extra, 24s. 


Chapman’s (George) Works : 

Vol. I. contains the Plays complete, 
including the doubtful ones. Vol. II., 
the Poems and Minor Translations, 
with an Introductory Essay by Alger- 
non Charles Swinburne. Vol. III., 
the Translations of the Iliad and Odys- 
sey. Three Vols., crown 8 vo, cloth 
extra, 18s. ; or separately, 6i. each. 


Chattofc Jackson A Treatise 

on Wood Engraving, Historical and 
Practical. By Wm. Andrew Cm tto 
and John Jackson. With an Addi- 
tional Chapter by Henry G. Bohn ; 
and 450 fine Illustrations. A Reprint 
of the last Revised Edition. Large 
4 to, half-bound, 28s. 


Chaucer : 

Chaucer for Children: A Golden 
Key. By Mrs. H. R. Hawbis. With 
Eight Coloured Pictures and nu- 
merous Woodcuts by the Author. 
New Ed., small 4 to, cloth extra, 6s. 
Chaucer for Schools. By Mrs. H. R. 
Haweis. Demy 8vo, cloth limp, 2s.6d. 

City (The) of Dream : A Poem. 

Fcap. 8vo, cloth extra, 6s. [/» the press. 

Cobban.— The Cure of Souls: 

A Story. By J. Maclaren Cobban. 
Post 8vo, illustrated boards, 2s. 

Collins (C. Aliston). — The Bar 

Sinister: A Story. By C. Allstom 
Collins. Post 8 vo, illustrated boards, 
2s. 


Collins (Mortimer 8c Frances), 

Novels by : 

Sweet and Twenty. Post 8 vo, illus- 
trated boards, 2 s. 

Frances. Post 8 vo, Must. bds., 2s. 

Blacksmith and Scholar. Post 8 vo, 
illustrated boards, 2 s. ; crown 8 vo, 
cloth extra, 3s. 6 d. 

The Village Comedy. Post 8 vo, illust. 
boards, 2 s. ; cr . 8 vo, cloth extra, 3s. 60. 

You Play Me False. Post 8 vo, illust. 
boards, 2s.; cr. 8 vo, cloth extra, 3s. 60. 

Collins (Mortimer), Novels by : 

Sweet Anne Page. Post 8 vo, illus- 
trated boards, 2 s. ; crown 8 vo, cloth 
extra, 3s. 6 d. 

Transmigration. Post 8 vo, illustrated 
boards, 2 s. ; crown 8 vo, cloia extra, 
3s. 6 d. 

From Midnight to Midnight. Pott 
8 vo, illustrated boards, 2 a. crown 
8 vo, cloth extra, 3s. 6 d. 

A Fight with Fortune. Post 8 vo, 
illustrated beards, 2 s. 


Colman’s Humorous Works: 

“ Broad Grins,” “ My Nightgown and 
Slippers,” and other Humorous Works, 
Prose and Poetical, of Georoe Col- 
man. With Life by G. B. Buckstons, 
and Frontispiece by Hogarth. Crown 
|vo, cloth extra, gilt, 78. 60. 
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Collins (Wilkie), Novels by. 

Each post 8vo, illustrated boards, 2s; 
cloth limp, 2s. 6d.; or crown 8vo, 
cloth extra. Illustrated, 3s. 6d. 
Antonina. Illust. by A. Concanen. 
Basil. Illustrated by Sir John Gil- 
bert and J. Mahoney. 

Hide and Seek. Illustrated by Sir 
John Gilbert and J. Mahoney. 
The Dead Secret. Illustrated by Sir 
John Gilbert and A. Concanen. 
Queen of Hearts Illustrated by Sir 
John Gilbert and A. Concanen. 
My Miscellanies. With Illustrations 
by A. Concanen, and a Steel-plate 
Portrait of Wilkje Collins. 

The Woman In White. With Illus- 
trations by Sir John Gilbert and 

F. A. Fraser. 

The Moonstone. With Illustrations 
byG. Du MaURiERand F. A. Fraser. 
Man and Wife. Illust. by W. Small. 
Poor Miss Finch. Illustrated by 

G. Du Maurier and Edward 
Hughes. 

Miss or Mrs. P With Illustrations by 
S. L. FiLDEsand Henry Woods. 
The New Magdalen. Illustrated by 
G. Du Maurier and C. S. Rands. 
The Frozen Deep. Illustrated by 
G. Du Maurier and J. Mahoney. 
The Law and the Lady. Illustrated 
by S. L. Fildes and Sydney Hall. 
The Two Destinies. 

The Haunted Hotel. Illustrated by 
Arthur Hopkins. 

The Fallen Leaves. 

Jezebel’s Daughter. 

The Black Robe. 

Heart and Science: A Story of the 
Present Time. New and Cheaper 
Edition. Crown 8vo, cloth extra, 
38. 6d. 


Convalescent Cookery : A 

Family Handbook. By Catherine 
Ryan. Post 8vo, cloth limp, 2 s. 6 d. 

Conway (Moncure D.), Worka 

by: 

Demonology and Devil-Lore. Two 

Vols., royal 8vo, with 65 Illusts., 288. 
A Necklace of Stories. Illustrated 
. by W. J. Hennessy. Square 8vo, 
cloth extra, 6s. 

The Wandering Jew. Crown 8vo, 
cloth extra, 8 b. 

Thomas Carlyle: Letters and Re- 
collections. With Illustrations. 
Crown 8vo, cloth extra, 8*. 


Cook (Dutton), Works by : 

Hours with the Players. With a 

Steel Plate Frontispiece. New and 
Cheaper Edit., cr. 8vo, cloth extra, 68. 
Nights at the Play: A View of the 
English Stage. New and Cheaper 
Edition. Crown 8vo, cloth extra, 6s. 
Leo: A Novel. Post 8vo, illustrated 
boards, 2s. 

Paul Foster’s Daughter. Post 8vo, 

illustrated boards, 28.; crown 8vo, 
cloth extra, 38. 6d. 


Copyright. - A Handbook of 

English and Foreign Copyright In 
Literary and Dramatic Works. By 
Sidney Jerrold, of the Middle 
Temple, Esq., Barrister-at-Law. Post 
8vo, cloth limp, 2s. 6d. 

Cornwall.— PopularRomancea 

of the West of England; or t The 
Drolls, Traditions, and Superstitions 
of Old Cornwall. Collected and Edited 
by Robert Hunt, F.R.S. New and 
Revised Edition, with Additions, and 
Two Steel-plate Illustrations by 
George Cruikshank. Crown 8vo, 

cloth extra, 7s. 6d. 

Creasy. — Memoirs of Eminent 

Etonians: with Notices of the Early 
History of Eton College. By Sir 
Edward Creasy, Author of “ The 
Fifteen Decisive Battles of the World.” 
Crown 8vo, cloth extra, gilt, with 13 
Port raits, 7a. 6 d. 

Cruikshank (George): 

The Comic Almanack. Complete In 
Two Series : The First from 1835 
to 1843 ; the Second from 1844 to 
1853. A Gathering of the Best 
H umour of Thackeray, Hood, May- 
hew, Albert Smith, A’Beckett, 
Robert Brough, &c. With 3,000 
Woodcuts and Steel Engravings by 
Cruikshank, Hine, Landblls, &c. 
Crown 8 vo, cloth gilt, two very thick 
volumes, 7s. 6d. each. 

The Life of George Cruikshank. By 
Blanchard Jerrold, Author of 
“ The Life of Napoleon III.,” &c. 
With 84 Illustrations. New and 
Cheaper Edition, enlarged, with Ad- 
ditional Plates, and a very carefully 
compiled Bibliography. Crown 8vo, 
cloth extra, 78. 6d. 

Robinson Crusoe. A choicely-printed 
Edition, with 37 Woodcuts and Two 
Steel Plates by Georgs Cruik- 
8 hank. Crown 8vo, cloth extra, 7a. 6d. 
xoo Large Paper copies, carefully 

? Tinted on hand-made paper, with 
ndia proofs of the Illustrations, 

JDrins 86s. 
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Cuesans.— Handbook of Her- 
aldry; with Instructions for ITracing 
Pedigrees and Deciphering Ancient 
MSS., &c. By John E. Cussans. 
Entirely New and Revised Edition, 
illustrated with over 400 Woodcuts 
and Coloured Plates* Crown 8vo, 
cloth extra* 7s. 6 d. 


Cyples.— Hearts of Gold : A 

Novel. By William Cyples. Crown 
8 vo, cloth extra, 3s. 6 ( 1 . 


Daniel. — Merrie England in 
the Olden Time. By George Daniel. 
With Illustrations by Robt. Cruik- 
shank. Crown £vo, cloth extra, 3s. 6d. 


Daudet.— Port Salvation ; or, 

The Evangelist. By Alphonse 
Daudet. Translated by C. IIarry 
Meltzer. With Portrait of the 
Author. Crown 6vo, cloth extra, 
3 s. 6d. 


Davenant. — What shall my 

Son be ? Hints for Parents on the 
Choice oi a Profession or Trade for 
their Sons. By Francis Davknant, 
M.A. Post 6vo, cloth limp, 2 s. Gd. 

Davies (Dr. N. E.), Works by: 

One Thousand Medical Maxima. 

Crown 8vo, Is. ; cloth, Is. 6d. 
Nursery Hints: A Mother’s Guide. 
Crown 8vo, Is. ; cloth. Is. 6d. 


Davies’ (Sir John) Complete 

Poetical Works, including Psalms I. 
to L. in Verse, and other hitherto Un- 
published MSS.j for the first time 
Collected and Edited, with Memorial- 
Introduction and Notes, by the Rev, 
A. B. Grosart, D.D. Two Vols., 
crown 8vo, cloth boards, 12s. 


De Maistre. — A Journey Round 

My Room. By Xavier de Maistre. 
Translated by Henry Attwell. Post 
8 vo, cloth limp, 2 s. 6 d. 


De Mille. — A Castle in Spain. 

A Novel. By James De Mille. With 
a Frontispiece. Crown 8 vo, cloth 
extra, 3s. 6d. 


Derwent (Leith), Novels by: 

Our Lady of Tears. Cr. 8 vo, cloth 
extra, 8s. 6d. ; post 8 vo, illust. bds., 2s. 

Circe’s Lovers. Crown 8vo, doth 
extra, 3t. 64, 


Dickens (Charles), Novels by : 

Post 8 vo, illustrated boards, 2s. each. 
Sketches by Box. 1 Nicholas Nlckleby 
Pickwick Papers. | Oliver Twist. 

The Speeches of Charles Dickens. 
(Mayfair Library.) Post 8 vo, cloth 
limp, 28 . 6 d. 


The Speeches of Charles Dickens, 

1841-1870. With a New Bibliography, 
revised and enlarged. Edited and 
Prefaced by Richard Herne She?" 
herd. Crown 8vo, cloth extra, 6s. 


About England with Dickens. B? 
Alfred kimm£r. With 57 Illustra- 
tions by C. A. Vandrrhoof, Alfred 
Rimmer, and others. Sq. 8 vo, cloth 
extra, 10 s. 6 d. 


Dictionaries; 

A Dictionary of Miracles: Imitative, 
Realistic, and Dogmatic. By the 
Rev. E. C. Brewer, LL.D. Crown 
8vo, cloth extra, 7 s. 6 d. [ Immediately . 

A Dictionary of the Drama: Being 

a comprehensive Guide to the Plays, 
Playwrights, Players, and Playhouses 
of the United Kingdom and America, 
from the Earliest to the Present 
Times. By W. Davenport Adams. 
A thick volume, crown 8vo, half- 
bound, 12s. 6d. [in preparation. 

Familiar Allusions: A Handbook 
of Miscellaneous Information; in- 
cluding the Names of Celebrated 
Statues, Paintings, Palaces, Country 
Seats, Ruins, Churches, Ships, 
Streets, Clubs, Natural Curiosities, 
and the like. By Wm. A; Wheeler 
and Charles G. Wheeler. Demy 
8vo, cloth extra, 7s. 6(1. 

The Reader’s Handbook of Allu* 
slons, References, Plots, and 
Stories. By the Rev. E. C. Brewer, 
I L.D. Third Edition, revised 
throughout, with a New Appendix, 
containing a Complete English Bib- 
liography. Crown 8vo, 1,400 pages, 
cloth extra, 7s. 6 d. 

Short Sayings of Great Men. With 

Historical and Explanatory Notes. 
By Samuel A. Bent, M.A. Demy 
8vo, cloth extra, 7s. 6d. 

The Slang Dictionary: Etymological, 
Historical, and Anecdotal. Crown 
6vo, cloth extra, 6s 6cL 

Words, Facts, and Phrases: A Dic- 
tionary of Curious, Quaint, and Out- 
of-the-Way Matters. By Blush 
Edwards. Cro»*a 8vo, kalf-bounA* 



BOOKS 


Dobson (W. T.), Works by : 
Literary Frivolities, Fancies, Follies, 
and Frolics. Post 8vo, cloth limp, 
2s. 6d. 

Poetical Ingenuities and Eccentri- 
cities. Post &vo, cloth limp, 2b. 6d. 

Doran. — Memories of our 

Great Towns; with Anecdotic Glean- 
ings concerning their Worthies and 
their Oddities. By Dr. John Doran, 
F.S.A. With 38 Illustrations. New 
and Cheaper Edition, crown 8vo, cloth 
extra, 7b. 6d. 

Drama, A Dictionary of the. 

Being a comprehensive Guide to the 
Plays, Playwrights, Players, and Play- 
houses of the United Kingdom and 
America, from the Earliest to the Pre- 
sent Times. By W. Davenport 
Adams. (Uniform with Brewer’s 
"Reader's Handbook.”) Crown 8vo, 
half-bound, 12s. 6d. [In preparation. 

dramatists, The Old. Crown 
8vo, cloth extra, with Vignette Por- 
traits, 6s. per Vol. 

Ben Jonson’s Works. With Notes 
Critical and Explanatory, and a Bio- 
graphical Memoir by Wm. Gifford. 
Edited by Colonel Cunningham. 
Three Vols. 

Chapman’s Works. Complete in 
Three Vols. Vol. I. contains the 
Plays complete, including the doubt- 
ful ones; Vol. H., the Poems and 
Minor Translations, with an Intro- 
ductory Essay by Algernon Chas. 
Swinburne; Vol. III., the Transla- 
tions of the Iliad and Odyssey. 
Marlowe’s Works. Including his 
Translations. Edited, with Notes 
and Introduction, by Col. Cunninq- 
ham. One Vol. 

Hassinger’s Plays. From the Text of 
William Gifford. Edited by Col. 
Cunningham. One Vol. 

/er The Folk-Lore of 

9 lants. By T. F. Thiselton Dyer, 
VI. A., &c. Crown 8vo, cloth extra, 
r S. 6d. [In preparation . 

wa rdes (Mrs. A.), Novels by : 

Point of Honour. Post 8vo, illus- 
trated boards, 28. 

rchle Lovell. Post 8vo, illust, bds., 
2 b. ; crown 8vo, cloth extr a, 3s. 6d. 

gleston. — Roxy: A Novel. By 
dward Eggleston. Post 8vo, illust. 
>ards, 2s. ; cr. 8vo, cloth extra, 8s. M. 


Early English Poets. Edited, 

with Introductions and Annotations, 
by Rev. A. B.Grosart, D.D. Crown 
8vo, cloth boards, 6s. per Volume. 
Fletcher’s (Giles, B.D.) Complete 
Poems. One Vol. 

Davies’ (Sir John) Complete 
Poetical Works. Two Vols. 
Herrick’s (Robert) Complete Col- 
lected Poems. Three Vols. 
Sidney’s (Sir Philip) Complete 
Poetical Works. Three Vols. 


Herbert(Lord)ofCherbury’a Po'jta. 
Edited, with Introduction, bf J. 
Churton Collins. Crown 8vo, 
parchment, 8s. 

Emanuel On Diamonds and 

PreclousStones: their History .Value, 
and Properties ; with Simple Tests for 
ascertaining their Reality. By Harrt 
Emanuel, F.R.G.S. With numerous 
Illustrations, tinted and plain. Crown 
8vo, cloth extra, gilt, 6s. 

Englishman’s House, The: A 

Practical Guide to all interested in 
Selecting or Building a House, with 
full Estimates of Cost, Quantities, &c. 
By C. J. Richardson. Third Edition. 
With nearly 600 Illustrations. Crown 
8vo, cloth extra, 7s. 6d. 

Ewald (Alex. Charles, F.S.A. ), 

Works by: 

Stories from the State Papers. 

With an Autotype Facsimile. Crown 
8vo, cloth extra, 6s. 

The Life and Times of Prince 
Charles Stuart, Count of Albany, 
commonly called the Young Pre- 
tender. From the State Papers and 
other Sources. New and Cheaper 
Edition, with a Portrait, crown 8vo, 
cloth extra, 7s. 6d. 

Eyes, The.— How to Use our 

Eyes, and How to Preserve Them. By 
John Browning, F.R.A.S., &c. With 
7 Illustrations. Crown 8vo, 1 b.; cloth, 
s. 6d. 

Fairholt.— Tobacco : Its His- 
tory and Associations; with an Ac- 
count of the Plant and its Manu- 
facture, and its Modes of Use in all 
Ages and Countries. By F. W. Fair- 
bolt, F.S.A. With Coloured Frontis- 
piece and upwards of zoo Illustra- 
tions by the Author. Crown 8vo. cloth 
extra, 8s. 
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Familiar Allusions: A Hand- 
book of Miscellaneous Information: 
including the Names of Celebrated 
Statues, Paintings, Palaces, Count* y 
Seats, Ruins, Churches, Ships, Streets, 
Clubs, Natural Curiosities, and the 
like. By William A. Wheeler, 
Author of “ Noted Names of Fiction ; ” 
and Charles G. Wheeler. Demy 
8vo, cloth extra, 7 b. 6d. 


Faraday (Michael), Works by : 

The Chemical History of a Candle : 
Lectures delivered before a Juvenile 
Audience at the Royal Institution. 
Edited by William Crookes, F.C.S. 
Post 8vo, cloth extra, with numerous 
Illustrations, 4s. 6d. 

On the Various Forces of Nature, 
and their Relations to each other : 
Lectures delivered before a Juvenile 
Audience at the Royal Institution. 
Edited by William Crookes, F.C.S. 
Post 8vo, cloth extra, with numerous 
Illustrations, 4s. 6d. 


Fin. Bee. — The Cupboard 

Papers: Observations on the Art of 
Living and Dining. By Fin-Bec. Post 
8vo, cloth limp, 2s. 6d. 

Fitzgerald (Percy), Works by : 

The Recreations of a Literary Man ; 
or, Does Writing Pay? With Re- 
collections of some Literary Men, 
and a View of a Literary Man’s 
Working Life. Cr. 8vo, cloth extra, 6s. 
The World Behind the Scenes. 

Crown 8vo, cloth extra, 3s. 6d. 

Little Essays: Passages from the 
Letters of Charles Lamb. Post 
8vo, cloth limp, 2s. 6d. 

Post 8vo, illustrated boards, 2a. each. 
Bella Donna. | Never Forgotten. 
The Second Mrs. Tillotson. 

Polly. 

Seventy five Brooke Street. 


Fletcher’s (Giles, B.D.) Com- 

? lote Poems : Christ’s Victorie in 
leaven, Christ’s Victorie on Earth, 
Christ’s Triumph over Death, and 
Minor Poems. With Memorial- Intro- 
duction and Notes by the Rev. A. B. 
Grosart, D.D. Cr. 8vo, cloth bds., 6s. 

Fonblanque Filthy Lucre : A 

Novel. By Albany de Fonblanque. 
Post 8vo, illustrated boards, 28. 

French Literature, History of. 
By Henry Van Laun. Complete in 
I Vols., demy 8vo, cl. bds., Tl. 6d. each. 


Franclllon (R. E.), Novels by; 

Crown 8vo, cloth extra, Ss. fid. each; 
post 8vo, iilust. boards, 28. each. 

Olympia. I Queen Cophetuo. 
One by One. 

Esther’s Glove. Fcap. 8vo, picture 

cover, Is. 

A Real Queen. Three Vols., cr. 8vo. 

Frere.— Pandurang Hari ; or, 

Memoirs of a Hindoo. With a Preface 
by Sir H. Bartlk Frere, G.C.S.I., &c. 
Crown 8vo, cloth extra, 3s. <5d. ; post 
8vo, illustrated boards, 28. 

Friswell— Oneof T wo: A Novel. 
By Hain Friswpll. Post 8vo, illus- 
trated boards, 2s. 

Frost (Thomas), Works by: 

Crown 8vo, cloth extra, 3s. 6d. each. 
Circus Life and Circus Celebrities. 
The Lives of the Conjurers. 

The Old Showmen and the Old 
London Fairs. 

Fry— Royal Guide to the Lon- 
don Charities, 1884-5. By Herbert 
Fry. Showing, in alphabetical order, 
their Name, Date of Foundation, Ad- 
dress, Objects, Annual Income, Chief 
Officials, &c. Published Annually. 
Crown 8vo, cloth, Is. 6d. [Immediately. 

Gardening Books: 

A Year’s Work In Garden and Green- 
house : Practical Advice to Amateur 
Gardeners as to the Management of 
the Flower, Fruit, and Frame Garden. 
By George Glenny. Post 8vo, cloth 
limp, 2a. 6d. 

Our Kitchen Garden : The Plants we 
Grow, and How we Cook Them. 
By Tom Jerrold, Author of “The 
Garden that Paid the Rent," &c. 
Post 8vo, cloth limp, 2s. 6d. 
Household Horticulture: A Gossip 
about Flowers, by Ton and Jans 
Jerrold . Illustrated. Post 8vo, 
cloth limp, 2s. 6d. 

The Garden that Paid the Rent. 

By Tom Jerrold. Fcap. 8vo, \ttuv 
trated cov e r, lB.; cloth limp, Is. 6d. 

Garrett.—' the Cape! Girls: A 

Novel. By Edward Garrett. Post 
8vo,illust.bds., 28. ; cr.8vo, cl.ex,, 3a. fid. 

German Popular Stories. Col- 
lected by the Brothers Grimm, and 
Translated by Edgar Taylor. Edited, 
with an Introduction, by John Ruskin. 
With 23 Illustrations on Steel by 
George Cruikshank. Square 8vo t 
cloth extra, 6s. fid. gilt edges, 7s. fid. 
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Gentleman's Magazine (The) 

for 1884. One Shilling Monthly. A 
New Serial Story, entitled “Phi list I a,” 
by Cbcil Power, is now appearing. 
“ Science Notes” by W. Mattieu 
Williams, F.R.A.S., and “Table 
Talk,” by Sylvanus Urban, are also 
continued monthly. 

%* Now ready, the Volume for July to 
December, 1883, cloth extra, price 
8s. 6d. ; Cases for binding , 2s. each. 

Gibbon (Charles), Novels by : 
Crown 8vo, cloth extra, 3s. 6d. each ; 
post 8vo, illustrated boards, 28. each. 
Robin Gray. 

For Lack of Gold. 

What will the World Sayf 
In Honour Bound. 

In Love and War. 

For the King. 

Queen of the Meadow. 

In Pastures Green. 

The Braes of Yarrow. 

The Flower of the Forest. 

A Heart’s Problem. 

Post 8vo, illustrated boards, 2l. 

The Dead Heart. 

Crown 8 vo, cloth extra, 3 b. 6d. each, 
The Golden Shaft. 

Of High Degree. 

Fancy-Free. Three Vols„ crown 8vo. 


Gilbert (William), Novels by: 
Post 8vo, illustrated boards, 28. each. 
Dr. Austin’s Guests. 

The Wizard of the Mountain. 
James Duke, Costermonger. 

Gilbert (W. S.), Original Plays 

by: In Two Series, each complete in 
itself, price 2s. 6d. each. 

The First Series contains — The 
Wicked World— Pygmal ion and Ga* 
latea — Charity — The Princess — The 
Palace of Truth— Trial by Jury. - 
The Second Series contains— Bro- 
ken Hearts— Engaged— Sweethearts— 
Gretchen — Dan’l Druce — Tom Cobb— 
H.M.S. Pinafore— The Sorcerer— The 
Pirates of Penzance. 


Glenny. — A Year’s Work In 
Garden and Greenhouse: Practical 
Advice to Amateur Gardeners as to 
the Management of the Flower, Fruit, 
and Frame Garden. By Georgs 
Glenny. Post 8vo, cloth limp, 2b. 8d. ) 


Godwin. — Lives of the Necro- 

mancers. By William Godwin. 

Post bvo, cloth limp, 2s . 

Golden Library, The: 

Square i6mo (Tauchnitz size), cloth 
limp, 28. per volume. 

Bayard Taylor’s Diversions of tha 
Echo Club. 

Bennett's (Dr. W. C.) Ballad History 
of England. 

Bennett’s (Dr. W. C.) Songs for 
Sailors. 

Byron’s Don Juan. 

Godwin’s (William) Lives of the 
Necromancers. 

Holmes’s Autocrat of the Break- 
fast Table. With an Introduction 
by G. A. Sala. 

Holmes’s Professor at the Break- 
fast Table. 

Hood's Whims and Oddities. Com- 
plete. All the original Illustrations. 

Irving’s (Washington) Tales of a 
Traveller. 

Irving’s (Washington) Tales of the 
Alhambra. 

Jesse's (Edward) Scenes and Oc- 
cupations of a Country Life. 

Lamb’s Essays of Ella. Both Series 
Complete in OneVol. 

Leigh Hunt’s Essays: A Tale for a 
Chimney Corner, and other Pieces. 
With Portrait, and Introduction by 
Edmund Ollier. 

Mallory’s (Sir Thomas) Mort 

d'Arthur : The Stories of King 
Arthur and of the Knights 01 the 
Round Table. Edited by B. Mont- 
gomerie Ranking. 

Pascal’s Provincial Letters. A New 
Translation, with Historical Intro- 
duction and Notes, byT.M’CRiE.D.D. 

Pope’s Poetical Works. Complete. 

Rochefoucauld’s Maxims and Moral 
Reflections. With Notes, and In- 
troductory Essay by Sainte-Beuve. 

St. Pierre’s Paul and Virginia, and 
The Indian Cottage. Edited, with 
Lite, by the Rev. E. Clarke. 

Shelley’s Early Poems, and Queen 
Mab. With Essay by Leigh Hunt. 

Shelley’s Later Poems: Laon and 
Cythna, &c. 

Shelley’s Posthumous Poems, the 
Shelley Papers, &c. 

Shelley’s Prose Works, including A 
Refutation of Deism, Zastrozzi, St, 
Irvyne, &c. 

White’s Natural History of Sel 
borne. Edited, with Additions, by 
Thomas Brown, F.L.S, 
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Golden Treasury of Thought, 

The: An Encyclopaedia of Quota- 
tions from Writers of all Times and 
Countries. Selected and Edited by 
Theodore Taylor. Crown 8vo, clotn 
gilt and gilt edges, 7s. 6d. 

Gordon Cumming(C. F.),Works 

by: 

In the Hebrides. With Autotype Fac- 
simile and numerous full-page Illus- 
trations. Demy 8vo, cloth extra, 

8 s. 6 d. 

In the Himalayas. With numerous 
Illustrations. Demy 8vo, cloth extra, 
8 s. 6d. [Shortly. 

Graham. — The Professor’s 

Wife : A Story. By Leonard Graham. 
Fcap. 8vo, picture cover, Is.; cloth 
extra, 2s. 6d. 

Greeks and Romans, The Life 

of the, Described trom Antique- Monu- 
ments. By Ernst C.uhl and W. 
Koner. Translated from the Third 
German Edition, and Edited by Dr. 
F. IIueffer. With 545 Illustrations. 
New and Cheaper Edition, demy 8vo, 
cloth extra, 7s. 6d. 

Greenwood (James),Works by: 

The Wilde of London. Crowu 8vo, 
cloth extra, 3s. 6d. 

Low Life Deeps: An Account of the 
Strange Fish to be Found There. 
Crown 8vo, cloth extra, 3s. 6d. 

Dl~k Temple: A Novel. Post 8vo, 
illustrated boards, 2s. 

Guyot.— The Earth and Man; 

or, Physical Geography in its relation 
to the History of Mankind. By 
Arnold Guyot. With Additions by 
Professors Agassiz, Pif.rce, and Gray; 
12 Maps and Engravings on Steel, 
some Coloured, and copious Index. 
Crown 8vo, cloth extra, gilt, 4s. 6d. 

Hair (The): Its Treatment in 
Health, Weakness, and Disease. 
Translated from the German of Dr. J. 
Pincus. Crown 8vo, Is.; cloth, Is. 6d. 

Hake ^Or. Thomas Gordon), 

* Poems. by: 

Malden Ecstasy. Small 4 to, cloth 
extra, 8s. 

New Symbols. Crown 8vo f cloth 
extra, 6s. 

Legends of the Morrow. Crown 8vo, 
cloth extra, 6s. 

The Serpent Play. Crown 8 vo, cloth 
•xtra, 61. 


Hall.— Sketches of Irish Cha- 
racter. By Mrs. S. C. Hall. With 
numerous Illustrations on Steel and 
Wood by Maclise, Gilbert, Harvey, 
and G. Ckuikshank. Medium 8vo t 
cloth extra, gilt, 7s. 6d. 

Halliday.— Every-day Papers. 

By Andrew Halliday, Post 8vo, 
illustrated boards, 2s. 

Handwriting, The Philosophy 

of. With over 100 Facsimiles and Ex- 
planatory Text. By Don Felix ds 
Sai.amanca. Post 8vo, cloth livsp, 
2s. 6d. 

Hanky-Panky: A Collection of 

Very EasyTricks,Very Difficult Tricks, 
White Magic, Sleight of Hand. &c. 
Edited by W. H. Cremer. With 200 
Illustrations. Crown Bvo, cloth extra, 
4s. 6d. 

Hardy (Lady Duffus). — Paul 

Wynter’s Sacrifice: A Story. By 
Lady Duffus Hardy. Post 8vo, illust. 
boards, 2s. 

Hardy (Thomas).— Under the 

Greenwood Tree. By Thomas Hardy, 
Author of “ Far from the Madding 
Crowd.*’ Crown 8vo, cloth extra, 
3s. 6d. ; post 8vo, illustrated boards, 
28 . 

Haweis (Mr3. H. R.), Works by: 
The Art of Dress. With numerous 
Illustrations. Small 8vo, illustrated 
cover, Is. ; cloth limp, Is. 6d. 

The Art of Beauty. New and Cheaper 
Edition. Crown 8vo, cloth extra, 
with Coloured Frontispiece and Il- 
lustrations, 6a. 

The Art of Decoration. Square 8vo, 
handsomely bound and profusely 
Illustrated, 10s. 6d. 

Chaucer for Children: A Golden 
Key. With Eight Coloured Pictures 
and numerous Woodcuts. New 
Edition, small 4to, cloth extra, 68. 
Chaucer for Schools. Demy 8vo, 
cloth limp, 2s. 6d. 


Haweis (Rev. H. R.). — American 
Humorists. Including Washington 
Irving, Oliver Wendell Holmes, 
James Russell Lowell, Artxmus 
Ward, Mark Twain, and Bret Harts* 
By the Rev. H. R. Haweis, M.A« 
Crown 8 vo, cloth extra, 6a. 
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Hawthorne (Julian), Novels by. 

Crown 8vo, cloth extra, 3s. 6d. each ; 
post 8vo, illustrated boards, 2 t. each. 
Garth. 

Ellice Quentin. 

Sebastian Strome. 

Prince Saronl’s Wife. 

Dust. 


Mre. Gainsborough’s Diamonds. 

Reap. 8 vo, illustrated cover, Is. ; 
cloth extra, 2 s. 6 d. 

Fortune’s Fool. Crown 8vo, doth 
extra, 3s. 6 d. 

Beat 'lx Randolph. With Illustrations 
by A. Fredericks. Crown 8vo, cloth 
extra, 3s. 6 d. [Preparing. 

Heath (F. G.). — My Garden 

Wild, and What I Grew There. By 
Francis George Heath, Author of 
" The Fern World,” &c. Crown 8 vo, 
cloth extra, 5s.; cloth gilt, and gilt 
edges, 6 s. 

Helps (Sir Arthur), Works by : 
Animals and their Masters. Post 
8 vo, cloth limp, 2 s. 6 d. 

Social Pressure. Post 8 vo, cloth limp, 
2 s. 6 d. 

Ivan de Blron : A Novel. Crown 8 vo, 
cloth extra, 3s. 8d.; post 8 vo, illus- 
trated boards, 2 s. 

Heptalogla (The); or, The 

Seven against Sense. A Cap with 
Seven Bells. Cr. 8 vo, cloth extra, 6 s. 

Herbert.— The Poems of Lord 

Herbert of Cherbury. Edited, with 
an Introduction, by J. Churton 
Collins. Crown 8 vo, bound in parch- 
ment, 8s. 


Herrick's (Robert) Hesperidea, 

Noble Numbers, and Complete Col- 
lected Poems. With Memorial-Intro- 
duction and Notes by the Rev. A. B. 
Grosart, D.D., Steel Portrait, Index 
of First Lines, and Glossarial Index, 
&c. Three Vols., crown 8 vo, cloth 
boards, I8s. 

Hesse - Wartegg (Chevalier 

Ernst von), Works by : 

Tunis: The Land and the Peopls. 
With 22 Illustrations. Crown 8 vo, 
cloth extra, 3s. Cd. 

The New South-West: Travelling 
Sketches from Kansas, New Mexico, 
Arizona, and Northern Mexico. 
With too fine Illustrations and Three 
Maps. Demy 8 vo, cloth extra, 
14s. [7 h preparation. 


Hindley (Charles), Works by* 
Crown 8vo, cloth extra, 3s. 6d. each. 
Tavern Anecdotes and Sayings: In- 
cluding the Origin oi Signs, and 
Reminiscences connected with 
Taverns, Coffee Houses, Clubs, &c. 
With Illustrations. 

The Life and Adventures of a Cheap 

Jack. By One of the Fraternity. 
Edited by C harl es H indley. 

Holmes (6. Wendell), Works by : 
The Autocrat of the Breakfast 
Table. Illustrated by J. Gordon 
Thomson. Post 8 vo, cloth limp, 
2s. 6 d. ; another Edition in smaller 
type, with an Introduction by G. A. 
Sala. Post 8 vo, cloth limp, 2s. 

The Professor at the Breakfast- 
Table ; with the Story of Iris. Post 
_ 8 vo,j:]oth limp, 2 s. 

Holmes. — The Science of 

Voice Production and Voice Preser- 
vation: A Popular Manual for the 
Use of Speakers and Singers. By 
Gordon Holmes, M.D. Crown 8vo, 
cloth limp, with Illustrations, 2s. 6d._ 

Hood (Thomas): 

Hoort s Choice Works, In Prose and 
Verse. Including the Cream ot the 
Comic Annuals. With Life ol the 
Author, Portrait, and 200 Illustra- 
tions. Crown 8 vo, cloth extra, 7s. 6 d. 
Hood’s Whims and Oddities. Com- 
plete. With all the original Illus- 
trations. Post 8 vo, cloth limp, 2s. 


Hood (Tom), Works by: 

From Nowhere to the North Pole: 

A Noah’s Ark.uological Narrative. 
With 25 Illustrations by W. Urun- 
ton and K. C. Barnes. Square 
crown 8 vo, cloth extra, gilt edges, 6 s. 
A Golden Heart: A Novel. Post 8 vo, 
illustrated boards, 2 a. 

Hook s (Theodore) Choice Hu- 
morous Works, including his Ludi- 
crous Adventures, Bons Mots, Punsand 
Hoaxes. With a New Lile of the 
Author, Portraits, Facsimiles, and 
Illustrations. Crown 8vo, cloth extra, 
gilt, 7a. 6 d. 

Hooper. — The House of Raby : 

A Novel. By Mrs. George Hoofer. 

_Post 8 vo, illustrated boards, 2s. 

Horne.— Orion : An Epic Poem, 
in Three Books. By Richard Hkh- 
gist Horns. With Photographic 
Portrait from a Medallion by Sum- 
mers. Tenth Edition, crown Bvo* 
cloth extra, ?i. 
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Howell.— Conflicts of Capital 

and Labour, Historically and Eco- 
nomically considered : Being a His- 
tory and Review of the Trade Unions 
of Great Britain, showing their Origin, 
Progress, Constitution, and Objects, in 
their Political, Social, Economical, 
and Industrial Aspects. By George 
Howell. Cr. 8vo, cloth extra, 7s. 6d. 

Hugo. — The Hunchback of 

Notre Dame. By Victor Hugo. 
Post 8vo, illustrated boards, 2s. 

Hunt. — Essays by Leigh Hunt. 

A Tale for a Chimney Corner, and 
other P : sces. With Portrait and In- 
troduction by Edmund Ollier. Post 
8vo, cloth limp, 2s. 


Hunt (Mrs. Alfred), Novels by : 

Crown 8vo. cloth extra, 3s. 6d. each ; 
post 8vo, illustrated boards, 28. each. 
Thornlcroft’e Model. 

The Leaden Casket. 
Self-Condemned. 

ingelow.— Fated to be Free : A 

Novel. By Jean Ingelow. Crown 
8vo, cloth extra, 3s. 6d. ; post 8vo, 
illustrated boards, 2s. 

Irish Wit and Humour, Songs 

of. Collected and Edited by A. Perce- 
val Graves. Post 8vo. cloth limp, 
2s. 6d. 


Irving (Henry).— The Paradox 

of Acting. Translated, with Annota- 
tions, from Diderot’s " Le Paradoxe 
sur le Comfcdien,” by Walter Her- 
ries Pollock. With a Preface by 
Henry Irving. Crown 8vo, in parch- 
ment, 48. 6d. 

Irving (Washington), Works by: 

Post 8vo, cloth limp, 2s. each. 
Tales of a Traveller. 

Tales of the Alhambra. 

James.— Confidence : A Novel. 
By Henry James, Jun. Crown 8vo, 
cloth extra, 3s. 6d. ; post 8vo, illus- 
trated boards, 2s. 

Janvier.— Practical Keramlcs 

for Students. By Catherine A, 
Janvier. Crown 8vo, cloth extra, 6s. 

lay (Harriett), Novels by. Each 

crown 8vo, cloth extra, 3s. 6d. ; or post 
bvo, illustrated boards, 2s. 

The Dark Colleen. 

The Queen of Connaught. 


Jefferies (Richard), Works by. 

Nature near London. Crown 8vo, 

cloth extra, 6s. 

The Life of the Fields. Crown 8vo, 
cloth extra, 6s. [In the press. 

Jennings (H. J.).— Curiosities 

of Criticism. By Henry T. Jennings 
Post 8vo, cloth limp, 2s. 6a. 

Jennings (Hargrave). — The 
Rosicrucians : Their Rites and Myi 
teries. With Chapters on the Ancient 
Fire and Serpent Worshippers. By 
Hargrave Jennings. With Five full- 
page Plates and upwards of 300 Illus- 
trations. A New Edition, crown 8vo, 
c l oth extra, 7a. 6d. 

Jerrold (Tom), Works by: 

The Garden that Paid the Rent. 
By Tom Jerrold. Fcap. 8 vo, illus- 
trated cover, Is. ; cloth limp. Is. 6d. 
Household Horticulture: A Gossip 
about Flowers. By Tom and Jane 
Jerrold. Illustrated. Post 8vo, 
cloth limp, 2s. 6d. 

Our Kitchen Garden: The Plants 
we Grow, and How we Cook Them. 
By Tom Jerrold. Post 8vo, cloth 

limp,j2s.j5d L 

Jesse.— Scenes and Occupa- 
tions of a Country Life. By Edward 
Jesse. Post 8vo, cloth limp, 2s. 

Jones (Wm, F.S.A.), Works by : 

FingerRlng Lore: Historical, Le- 
gendary, and Anecdotal. With over 
300 Illustrations. Crown 8vo, cloth 
extra, 7s. 6d. 

Credulities, Past and Present; in- 
cluding the Sea and Seamen, Miners, 
Talismans, Word and Letter Divina- 
tion, Exorcising and Blessing of 
Animals, Birds, Eggs, Luck, Ac. 
With an Etched Frontispiece. Crown 
8vo, cloth extra, 7s. 61. 

Crowns and Coronations : A History 
of Regalia in all Times and Coun- 
tries. With One Hundred Ulus- 
trations, Cr. 8vo, c l oth extra, 7 s. 6d. 

Jonson’s (Ben) Works. With 

Notes Critical and Explanatory, and 
a Biographical Memoir by William 
Gifford. Edited by Colonel Cun- 
ningham. Three Vols., crown 8vo, 
cloth extr a, 18s.; or separately, 68. each. 

Joseph us, The Com pleteWorks 

of. Translated by Whiston. Con- 
taining both “ The Antiquities of the 
Jews ” and “ The Wars of the Jews/* 
Two Vols., 8vo, with 52 Illustrations 
and Maps, cloth extra, gilt, 14s 
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Kavanagh The Pearl Foun- 

tain, and other Fairy Stories. By 
Bridget and Julia Kavanagh. With 
Thirty Illustrations by J. Moyr Smith. 
Small 8vo, cloth gilt, 6s. 

Kempt.— -Pencil and Palette : 

Chapters on Artaud Artists. By Robert 
Kempt . Po st 8vo, cloth limp, 2s._6d._ 

Kingsley (Henry), Novels by : 

Each crown 8vo, cloth extra, 8s. 6d. ; 
or post 8vo, illustrated boards, 2s. 

Oakshott Castle. | Number Seventeen 

Lamb (Charles): 

Mary and Charles Lamb: Their 
Poems, Letters, and Remains. With 
Reminiscences and Notes by W. 
Carew Hazlitt. With Hancock’s 
Portrait of the Essayist, Facsimiles 
of the Title-pages of the rare First 
Editions of Lamb's aud Coleridge’s 
Works, and numerous Illustrations. 
Crown 8 vo, cloth extra, 10s. 6d. 
Lamb’s Complete Works, in Prose 
and Verse, reprinted from the Ori- 
ginal Editions with many Pieces 
hitherto unpublished. Edited, with 
Notes and Introduction, by R. H. 
Shepherd. With Two Portraits and 
Facsimile of Page of the " Essay on 
Roast Pig.” Cr. 8vo, cloth extra, 7s. 6d. 
The Essays of Ella. Complete Edi- 
tion. Post 8vo, cloth extra, 2s. 
Poetry for Children, and Prlncs 
Oorus. By Charles Lamb. Care- 
fully Reprinted from unique copies. 
Small 8vo, cloth extra, £s. 

Little Essays : Sketches and Charac- 
ters. By Charles Lamb. Selected 
from his Letters by Percv Fitz- 
gerald. Post 8vo, cloth limp, 2s. 6&. 


Lane’s Arabian Nights, &c.: 

The Thousand and One Nights: 
commonly called, in England, “ The 
Arabian Nights’ Entertain- 
mknts.” A New Translation from 
the Arabic, with copious Notes, by 
Edward William Lane. Illustrated 
by many hundred Engravings on j 
wood, from Original Designs by 
Wm. Harvey. A New Edition, from 
a Copy annotated by the Translator, ! 
edited by his Nephew, Edward 
Stanley Poole. With a Preface by 
Stanley Lane-Poole. Three Vols., 
demy 8vo, cloth extra, 7s. 6d. each. 

Arabian Society In the Middle Ages : 
Studies from “ The Thousand and 
One Nights.** By Edward William 
Lane, Author of "Tho Modern 
Egyptians," 4c. Edited by Stanley 
Lane-Poole. Cr. bvo, doth extra, 6s. 


Lares and Penates; or, The 

Background of Life. By Florbnc* 
Caddy. Crown 8vo, cloth extra, 6>. 


Larwood (Jacob), Works by: 

The Story of the London Parks. 
With illustrations. Crown 8vo, cloth 
extra, 3s. 6d. 

Clerical Anecdotes. Post Bvo, cloth 
limp, 2a. 6d. 

Forensic Anecdotes Post 8vo, cloth 

limp, 2s. 6(L 

Theatrical Anecdotes. Post 8vo # cloth 
limp, 28. 6(L 


Leigh (Henry 8.), Works by: 

Carols of Cockayne. With numerous 
Illustrations. Post 8vo, cloth limp, 
2s. 6d. 

Jeux d’Eeprlt. Collected and Edited 
by H en ry S. Leigh. Post 8vo, cloth 
limp, 2s. 6d. 


Life In London ; or, The History 
of Jerry Hawthorn and Corinthian 
Tom. With the whole of Cruik- 
shank’s Illustrations, in Colours, after 
the Originals. Crown 8vo, cloth extra, 
7s. 6d. 


Linton (E. Lynn), Works by : 

Post 8vo, cloth limp, 2s. 6d. each. 
Witch Stories. 

The True Story of Joehua Davidson. 
Ourselves Essays on Women. 


Crown 8vo, cloth extra, 8s. 6d. each ; post 
Bvo, illustrated boards, 2s. each. 
Patricia Kemball. 

The Atonement of Loam Dundae. 
The World Well Lost. 

Under which Lord P 
With a Silken Thread. 

The Rebel of tho Family. 

14 My Love l H 


lone. Three Vols., crown Svo. 


Locks and Keys. — On the De- 
velopment and Distribution of Primi* 
five Locks and Keys. By Lieut.-Gon. 
Pitt-Rivbrs, F.R.5. With numerous 
Illustrations. Demy 410 , half Roe- 
turgbe, 16s. 
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Longfellow : 

Longfellow's Complete Proee Works. 

Including "Outre Mer." "Hyper* 
ion/* "Kavanagh,” " The Poets and 
Poetry of Europe, "and " Driitwood," 
With Portrait and Illustrations by 
Valkntinb Bromley. Crown 8vo, 
cloth extra, 7 s. 6d. 

Longfellow’s Poetical Works. Care- 
fully Reprinted from the Original 
Editions. With numerous fine Illus- 
trations on Steel and Wood. Crown 
8vo, cloth extra, 7 s. 6d. 


Lucy. — Gideon Fleyce: A Novel. 

By Henry W. Lucy. Crown 8vo, 
cloth extra, 3s. 6d ; post 8vo, illustrated 
boards, 2s. 


Luslad (The) of Camoens. 

Translated into English Spenserian 
Verse by Robert Ffrench Duff. 
Demy 8vo, with Fourteen full -page 
Plates, cloth boards, 18 s. 

McCarthy (Justin, M.P.), Works 

by: 

A History of Our Own Times, from 

the Accession of Queen Victoria to 
the General Election ot 1830. Four 
Vols. demy bvo, cloth extra, 12 s. 
each. — Also a Popular Edition, in 
Four Vols. crown 8vo, cloth extra, 
6s. each. 

A Short History of Our Own Times. 
One Volume, crown 8vo, cloth extra, 
68 . 

History of the Four Georges. Four 
Vols. demy 8vo, cloth extra, 12 s. 
each. [Vol. I. in the press. 


Crown 8vo, cloth extra, 38. 6d. each ; 
post 8vo, illustrated boards, 2s. each. 
Dear Lady Disdain. 

The Waterdale Neighbours. 

My Enemy’s Daughter. 

A Fair Saxon. 

Llnley Rochford 
Miss Misanthrope. 

Donna Quixote. 

The Comet of a Season. 

Maid of Athens. With ia Illustra- 
tions by F. Barnard. Three Vols., 
crown 8vo. 


McCarthy (Justin H.), Works 

by: 

Seraplon, and other Poems. Crown 
Bvo, cloth extra, 68. 

An Outline of the History of Ireland, 
from the Earliest Times to the Pre- 
sent Day, Cr . 8vo, Is. ; cloth, Is. 60. 


MacDonald (George, LL.D.) f 

Works by : 

The Prlncese and Curdle. With xz 
Illustrations by James Allem. Small 
crown 8vo, cloth extra, 5 s. 
©utta-Percha Willie, the Working 
Genius. With 9 Illustrations br 
Arthur Hughes. Square 8vo, cloth 
extra, 3s. 6d. 

Paul Faber, Surgeon. With a Fron- 
tispiece by J. E. Millais. Crown 
8vo, cloth extra, 3s. 6d.; post Bvo, 
illustrated boards, 2s. 

Thomas Wingfold, Curate. With a 
Frontispiece by C. J. Staniland. 
Crown Svo, cloth extra, 3s. 6d. ; post 
8vo, illustrated boards, 2a. 


Macdonel!.— Quaker Cousins: 

A Novel. By Agnes Macdonell. 
Crown Svo, cloth extra, 3 a. 6d.; post 
8vo, illustrated boards, 2s. 


Macgregor. — Pastimes and 

Players. Notes on Popular Games. 
By Robert Macgregor. Post 8vo, 
cloth limp, 2s. 6d. 


Maclise Portrait-Gallery (The) 

of Illustrious Literary Characters; 
with Memoirs — Biographical, Critical, 
Bibliographical, and Anecdotal— illus- 
trative of the Literature of the former 
half of the Present Century. By 
William Bates, B.A. With 8<? Por- 
traits printed on an India Tint. Grown 
8vo, cloth extra, 7s. 6d. 

Macquoid (Mrs.), Works by: 

In the Ardennes. With 50 fine Illus- 
trations by Thomas R. Macquoid. 
Square 8vo, cloth extra, 10 b. 6d. 
Pictures and Legends from Nor- 
mandy and Brittany. With numer- 
ous Illustrations by Thomas R. 
Macquoid. Square 8vo, cloth gilt, 
10s. 6d. 

Through Normandy. With 90 Illus- 
trations by T. R. Macquoid. Square 
8vo, cloth extra, 7s. 6 d. 

Through Brittany. With numerous 
Illustrations by T. R. Macquoid. 
Square 8vo, cloth extra, 7s. 6d. 

About Yorkshire With 67 Illustra- 
tions by T. R. Macquoid, Engraved 
by Swain. Square 8vo, cloth extra, 
108. 6d. 

The Evil Eye, and other Stories. 
Crown 8vo, cloth extra, 3s. 6d.; post 
8vo, illustrated boards, 28. 

Lost Rose. and other Stories. Crown 
8vo, cloth extra, 38. 6d. j post 8vo* 
illustrated boards, 2s. 
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Mackay.— Interludes and Un- 
dertones: or, Music at Twilight. By 
Charles Mackay, LL.D, Crown 8vo, 
cloth extra L 6s. 

Magician’s Own Book (The): 

Performances with Cups ana Balls. 
Eggs, Hats, Handkerchiefs, &c. All 
from actual Experience. Edited by 
W. H. Cremer. With aoo Illustrations. 
Crown 8vo, cloth extra, is. 6d. 


Magic No Mystery : Tricks with 
Cards, Dice, Balls, &c M with fully 
descriptive Directions; the Art of 
Secret Writing ; Training of Perform* 
ing Animals, &c. With Coloured 
Frontispiece and many Illustrations, 
Crown 8vo, cloth extra, 4 s. 6d. 


Magna Charta. An exact Fac- 
simile of the Original in the British 
Museum, printed on fine plate paper, 
3 feet by 2 feet, with Arms and Seals 
emblazoned in Gold and Colours. 
Price 5 s. 

Mallock (W. H.), Works by : 

The New Republic; or, Culture, Faith 
and Philosophy in an English Coun try 
House. Post Bvo, cloth limp, 2 s. 6d. ; 
Cheap Edition, illustrated boards, 2 s. 
The New Paul and Virginia ; or, Posi- 
tivism on an Island. Post 8vo, cloth 
limp, 2s. 6d. 

Poems. Small 4to, bound in parch- 
ment, 8s. 

Is Life worth Living P Crown Bvo, 
cloth extra, 68. 


Mark Twain, Works by: 

The Choice Works of Mark Twain. 

Revised and Corrected througho t by 
the Author. With Life, Portrait, and 
numerous Illustrations. Crown 8vo, 
cloth extra, ?s. 6d. 

The Adventures of Tom Sawyer. 

With ioo Illustrations. Small Bvo, 
cloth extra, 7 s. 6d. Cheap Edition, 
illustrated boards, 2s. 

An Idle Excursion, and other Sketches. 

Post Bvo, illustrated boards, 2 s. 

The Prince and the Pauper. With 
nearly 200 Illustrations. Crown 8vo* 
cloth extra, 7 s. 6d. 

The Innocents Abroad ; or, The New 

Pilgrim’s Progress : Being some Ac- 
count of the Steamship “ Quaker 
City’s ” Pleasure Excursion to 
Europe and the Holy Land. With 
234 Illustrations. Crown Bvo, cloth 
extra, 7 s. 6d. Cheap Edition (under 
thetitleof “ MarkTwain’s Plkasi'R* 
Trip •’), post 8vo, illust. boards, 2s. 

A Tramp Abroad. With 314 Illustra- 
tions. Crown Bvo, cloth eUia. 7 s. 6 d. 
Without Illustrations, post 8vo, illus- 
trated boards, 2s. 

The Stolen White Elephant, Ac. 
Crown Bvo, cloth extra, 6s. ; post 8vc, 
illustrated boards, 2s. 

Life on the Mississippi. With about 
300 Original Illustrations. Crown 
Bvo, cloth extra, 7 a. 6d. 

The Adventures of Huckleberry 
Finn. With numerous Illustrations 
by the Author. Crown Bvo, cloth 
extra, 7 s. 6d. [ Preparing . 


Mallory’s (Sir Thomas) Mort 
d’Arthur: The Stories of King Arthur 
and of the Knights of the Round Table. 
Edited by B. Montgomerie Ranking. 
Post Bvo, cloth limp, 2s. 

Marlowe’s Works. Including 
his Translations. Edited, with Notes 
and Introduction, by Col. Cunning- 
ham. Crown Bvo, cloth extra, 68. 

Marryat (Florence), Novels by; 

Crown Bvo, cloth extra, 3 s. <KL each ; or, 
post Bvo, illustrated boards, 2s. 

Open t Sesame 1 

Written InFIre. 

Post 8vo, illustrated boards, 2s. each. 

A Harvest of Wild Oats. 

A Little Stepson. 

Fighting the Air. 

Masterman.— Half a Dozen 

Daughters ; A Novel. By I. Master- 
man, Post 8 vo, illustrated boards, 2s. 


Massingers Plays. From the 
Text of William Gifford. Edited 
by Col. Cunningham. Crown bvo, 
cloth extra, 6s. 

Mayhew.— London Characters 
and the Humorous Side of London 
Life. By Henry Mayhew. With 
numerous Illustrations. Crown 8vo, 
cloth extra, Ss. 6d. 


Mayfair Library, The ; 

Post 8vo, cloth limp, 2 s. 6d. per Volume. 

A Journey Round My Room. By 
Xavier ds Maistrk. Translated 
by Henry Attwkll. 

Latter Day Lyrics. Edited by W, 
Davenport Adams. 

Quips and Quiddities. Selected by 
W. Davenport Adams. 

The Agony Column of “The Timet,” 
from 1 Boo to 1870. Edited, with so 
Introduction, by Alick Clay. 

Balzac’s “Comedle Humalne” and 
its Author. With Translations by 
H. H. Walks a. 
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Mayfair Library, continued — 
Melancholy Anatomised : A Popular 
Abridgment of “ Barton’s Anatomy 
of Melancholy.*' 

Gastronomy as a Fine Art. By 

BriLLAT-SavaRIN. 

The Speeches of Charles Dickens. 
Literary Frivolities, Fancies, Follies, 
and Frolics. By W. T. Dobson. 
Poetical Ingenuities and Eccentrici- 
ties. Selected and Edited by W. T. 
Dobson. 

The Cupboard Papers. By Fin-Bec. 
Original Plays by W. S. Gilbert. 
First Series. Containing: The 
Wicked World — Pygmalion and 
Galatea— Charity — The Princess — 
The Palace of Truth— Trial by Jury. 
Original Plays by W. S. Gilbert. 
Second Series. Containing: Broken 
Hearts — Engaged — Sweethearts — 
Gretchen— Darnl Druce — Tom Cobb 
— H.M.S. Pinafore — The Sorcerer 
— The Pirates of Penrance. 

Songs of Irish Wit and Humour. 
Collected and Edited by A. Perceval 
Graves. 

Animals and their Masters. By Sir 
Arthur Helps. 

Social Pressure. By Sir A. Helps. 
Curiosities of Criticism. By Henry 
J. Jennings. 

The Autocrat of the Breakfast Table. 
By Oliver Wendell Holmes. Il- 
lustrated by J. Gordon Thomson. 
Vencll and Palette. By Robert 
Kempt. 

Little Essays : Sketches and Charac- 
ters. By Charles Lamb. Selected 
from his Letters by Percy Fitz- 
gerald. 

Clerical Anecdotes. By Jacob Lar- 
wood. 

Forensic Anecdotes; or, Humour and 
Curiosities of the Law and Men of 
Law. By Jacob Larwood. 
Theatrical Anecdotes. By Jacob 
Larwood. 

Carols of Cockayne. By Henry S. 
Leigh. 

Jeux d’Esprlt Edited by Henry S. 
Leigh. 

True History of Joshua Davidson. 

By E. Lynn Linton. 

Witch Stories. By E. Lynn Linton. 
Ourselves: Essays on Women. By 
E. Lynn Linton. 

Pastimes and Players. By Robert 
Macgregor. 

The New Paul and Virginia. By 
W. H. Mallqck. 


Mayfair Library, continued — 

The New Republic. By W. H. Mal- 

LOCK. 

Puck on Pegasus. By H.Cholm on de- 
ley- Pennell. 

Pegasus Re-Saddled. By H. Chol 
mondeley-Pknnell. Illustrated by 
George Du Maurier. 

Muses of Mayfair. Edited by H. 

Cholmondelry-Pennell. 

Thoreau : His Life and Aims. By 
H. A. Page. 

Punlana. By the Hon. Hugh Rowley. 
More Punlana. By the Hon. Hugh 

Rowley. 

The Philosophy of Handwriting. By 
Don Felix de Salamanca. 

By Stream and Sea. By William 

Senior. 

Old Stories Re told. By Walter 

Thornbury. 

Leaves from a Naturalist’s Note- 
Book. By Dr. Andrew Wilson. 


Medicine, Family.— One Thou- 
sand Medical Maxims and Surgical 
Hints, for Infancy, Adult Life, Middle 
Age, and Old Age. By N. E. Davies. 
Licentiate of the Royal College of 
Physicians of London. Crown 8vo, 
Is. ; cloth, la. 6d. 


Merry Circle (The) : A Book of 

New Intellectual Games and Amuse- 
ments. By Clara Belllw. Witu 
numerous illustrations. Crown 8vo, 
cloth extra, 4s. 6d. 


Middlema8s (Jean), Novels by: 
Touch and Go. Crown 8vo, cloth 
extra, 3s.6d.; post8vo, illust. bds., 2s. 
Mr. Dorillion. Post 8vo, illust. bds., 2s. 

Miller. — Physiology for the 

Young; or, The House of Life: Hu- 
man Physiology, with its application 
to the Preservation of Health. For 
use in Classes and Popular Reading. 
With numerous Illustrations. By Mrs. 
F. Fenwick Miller. Small 8vo, cloth 
limp, 2a. 6d. 

Milton (J. L.), Works by: 

The Hygiene of the Skin. A Concise 
Set of Rules for the Management of 
the Skin ; with Directions for Diet, 
Wines. Soaps, Baths, &c. Small 8vo, 
la. ; cloth extra, Is. 6d. 

The Bath In Diseases of the Skin. 

Small 8vo, la. ; clotn extra, la. 6d. 
The Laws of Life, and their Relation 
to Diseases of the Skin. Small 8 yq» 
la. ; cloth extra, la. 6d. 
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MoncrlefT. — The Abdication; 

or, Time Tries AH. An Historical 
Drama. By W. D. Scott- Moncrieff. 
With Seven Etchings by John Pettib, 
R.A., W. Q. Orchardson, R.A., J. 
MacWhirtf.r, A.R.A , Colin Hunter, 
R. Macbeth, and Tom Graham. Large 
4to, bound in buckram, 21a. 


Murray (D. Christie), Novels 

by. Crown Svoscloth extra, 3s. 6d. each ; 
post 8vo, illustrated boards, 2 3. each. 

A Life's Atonement. 

A Model Father. 


Ouida, Novels by. Crown 8vo, 

cloth extra, 6a. each ; post 8vo, illus- 
trated boards, 28. each. 


Held In Bondage. 

Strathmore 

Chandoe. 

Under Two Flags. 
Cecil Castle* 
malne’s Gage. 

Id alia. 

Trlootrln. 

Puck. 

Folle Farlne. 


A Dog of Flanders. 
Paacarel. 

Signs. 

In a Winter City. 
Ariadne. 
Friendship. 
Moths. 

Pipistrelle 
A village Com* 
mune. 


Joseph’s Coat. 
Coals of Fire. 


TwoLlttleWooden Blmbi. 

Sho0 ®- In Mare mm a. 


By the Gate of the Sea. 


Crown 8vo, cloth extra, 3s. 6d. each. 
Val Strange : A Story ol the Primrose 
Way. 

Hearts. — 

The Way of the World. Three Vols., 

crown 8vo. 


North Italian Folk. By Mrs. 
Comyns Carr. Illust. by Randolph 
Caldecott. Square 8vo, cloth extra, 
7s. 6d. 


Number Nip {Stories about), 

the Spirit of the Giant Mountains. 
Retold for Children by Walter 
Grahame. With Illustrations by J. 
Moyr Smith. Post 8vo, cloth extra, 
6a. 


Nursery Hints: A Mother’s 

Guide in Health and Disease. By N. 
E. Davies, L.R.C.P, Crown 8vo, la. ; 
cloth, la. 6d. 


Oliphant. — Whlteladies : A 

Novel. With Illustrations by Arthur 
Hopkins and Henry Woods. Crown 
6vo, cloth extra, 3a. 6dL ; post 8vo, 
illustrated boards, 2a. 


O’Reilly. — Phoobe’s Fortunes : 

A Novel. With Illustrations by Henry 

Tuck. Post 8vo, illustrated boards, 

la. 

O’Shaughnessy (Arth.), Works 

oy: 

Songs of a Worker. Fcap. 8vo, cloth 
extra, 7a. 6d. 

Music and Moonlight. Fcap. 8vo, 
cloth extra, 7s. 6d. 

Lays of Franco, Crown 8vo, cloth 
extra, 10a 6d. 


Wanda: A Novel Crown 8vo, cloth 
extra, 6s. 

Frescoes: Dramatic Sketches. Crown 
8vo, cloth extra, 10a. 6d. 

Blmbi : Presentation Edition. Sq, 
Bvo, cloth gilt, cinnamon edges. 
78. 6d. 

Princess Napraxlne. Three Vols., 
crown 8vo. [Shortly, 


Wisdom, Wit, and Pathos. Selected 
from the Works of Ouida by F. 
Sydney Morris. Small crown 8vo, 
cloth extra, 6a. 


Page (H. A.), Works by : 

Thoreau : H is Life and Aims i A Study. 
With a Portrait. Post 8vo, cloth 
liinp, 28. 6d. 

Lights on the Way : Some Tales with- 
in a Tale. By the late J. H. Alex- 
ander, B.A. Edited by H. A. Page. 
Crown 8vo, cloth extra, 6s. 


Pascal’s Provincial Letters. A 

New Translation, with Historical In- 
troduction and Notes, by T. M CaiE 
D.D. Post 8vo, cloth limp, 28. 


Paul Ferroll: 

Post 8 vo, illustrated boards, 28 . each. 
Paul Ferroll : A Novel. 

Why Paul Ferroll Killed Hie Wife. 


Paul.— Gentle and Simple. By 
Margaret Agnes Paul. With a 
Frontispiece by Helen Paterson. 
Cr. 6vo, cloth extra, 8s. 6d.| post 8vo 
Uluatrated boards. Is. 
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Payn (James), Novels by. 

Crown 8vo, cloth extra, 38 . 6d. each ; 
post 8vo, illustrated boards, 2s. each. 
Lost Sir Masslngbord. 

The Beet of Husbands 
Walter’s Word. 

Halves. I Fallen Fortunes. 

What He Cost Her. 

Less Black than We’re Painted. 

By Proxy. | High Spirits. 

Under One Roof. I Carlyon’s Year. 

A Confidential Agent. 

Some Private Views. 

From Exile. 

A Grape from a Thorn. 

For Cash Only. 

Post Svo, illustrated boards, 2 b. each. 

A Perfect Treasure, 

Bentlnck’s Tutor. 

Murphy’s Master. 

A County Family. 1 At Her Mercy. 

A Woman's Vengeance. 

Cecil’s Tryst. 

The Clyffards of ClyfTe. 

The Family Scapegrace. 

The Foster Brothers. 

Found Dead. 

Gwendoline’s Harvest. 

Humorous Stories. 

Like Father, Like Son. 

A Marine Residence. 

Married Beneath Him. 

Mirk Abbey. 

Not Wooed, but Won. 

Two Hundred Pounds Reward. 

Kit: A Memory. Crown 8vo, cloth 
extra, 3 s. 6d. 

The Canon’s Ward. Three Vols., 
crowu j>vo. 

Pennell (H. Cholmondeley), 
Works by : Post Svo, cloth limp, 
2s. 6d. each. 

Puck on Pegasus. With Illustrations. 
The Muses of Mayfair. Vers de 
Societe, Selected and Edited by II. 

C. Pennell. 

Pegasus Re*Saddled. With Ten full* 
page lllu s ts. b y G . Du Maurikr. 

Phelps.— Beyond the Gates. 

By Elizabeth Stuart Phelps, 
Author of “ The Gates Ajar.’’ Crown i 
8vo, cloth extra, 28 . Gd Published by 1 
special arrangement with the Author, 

% and Copyright is England and its 
| Dependencies. 


Pirkis T pooping with Crows : 

A Story. By Catherine Pirkis. Fcap. 

8vo, picture cover, Is. _ 

Planche (J. R.), Works by: 

The Cyolopssdla of Costume ; or, 
A Dictionary of Dress-Regal, Ec- 
clesiastical, Civil, and Military — from 
the Earliest Period in England to the 
Reign of George the Third. Includ- 
ing Notices of Contemporaneous 
Fashions on the Continent, and a 
General History of the Costumes of 
the Principal Countries of Europe. 
Two Vols., demy 4 to, half morocco, 
profusely Illustrated with Coloured 
and Plain Plates and Woodcuts, 
£7 7s. The Vols. may also be had 
separately (each complete in itself) 
at £3 13s. 6d. each : Vol. I. Thb 
Dictionary. Vol. II. A General 
History of Costume in Europe. 

The Pursuivant of Arms ; or, Her* 
aldry Founded upon Facts. With 
Coloured Frontispiece and 200 Illus- 
trations. Crown 8vo. cloth extra. 
7s. 6d. 

Songs and Poems, from 1819 to 1879. 
Edited, with an Introduction, by his 
Daughter, Mrs. Mackarnkss. Crown 
8vo, cloth extra, tis. 


Play -time : Sayings and Doings 
of Babyland. By Edward Stanford. 
Large 4 to, handsomely printed in 
Colours, 5s. 

Plutarch’s Lives of Illustrious 

Men. Translated from the Greek, 
with Notes Critical and Historical, and 
a Life of Plutarch, by John and 
William Langhornr. Two Vols., 
8vo, cloth extra, with Portraits, IQs. 6d. 


Poe (Edgar Allan): — 

The Choice Works, in Prose and 
Poetry, of Edgar Allan Pok. With 
an Introductory Essay by Charles 
Baudelaire, Portrait and Fac- 
similes. Crown 8vo, cloth extra. 
7s. 6d. 

The Mystery of Marie Roget, and 
other Stories. Post 8vo, illustrated 
boards, 2s. 

Pope s Poetical Works. Com- 

f dete in One Volume. Post 8vo, doth 
imp, 2s. 

Price (E. C.), Novels by: 

Valentina: A Sketch. With a Fron- 
tispiece by Hal Ludlow. Crown 
8 vo, cloth extra, 2 a. S&. ; post fcvo, 
illustrated boards, 2s. 

The Foreigners. Crows Svo, cloth 
extra, 3s. od. [Stortfe 




so 


BOOKS PUBLISHED BY 


Proctor (Richd. A.), Works by ; 

Flowers of the Sky. With 55 Illus- 
trations. Small crown 8vo, cloth 
extra, 4s. 6d. 

Fasy Star Lessons. With Star Maps 
(or Every Night in the Year, Draw- 
ings of the Constellations, &c. 
Crown 8vo, cloth extra, 6s. 

Familiar Science Studies. Crown 
8vo, cloth extra, 7s. 6d. 

Rough Ways made Smooth : A 
Seiies of familiar Essays on Scien- 
tific Subjects. Cr. 8vo, cloth extra, 6s. 
Our Place among Infinities: A Series 
of Essays contrasting our Little 
Abode in Space and Time with the 
Infinities Around us. Crown 8vo, 
cloth extra, 6s. 

The Expanse of Heaven : A Series 
of Essays on the Wonders of the 
Firmament. Cr. 8vo, cloth extra, 6s, 
Saturn and Its System. New and 
Revised Edition, with 13 Steel Elates. 
Demy 8vo, cloth extra, 10s. 6d. 

The Great Pyramid : Observatory, 
Tomb, and Temple. With Illus- 
trations. Crown bvo, cloth extra, 6s. 
Mysteries of Time and Space. With 
Illustrations. Crown bvo, cloth 
extra, 7s. Gd. 

Wages and Wants of Science 
Workers. Crown bvo. Is 6d. 

Pyrotechnists Treasury (The); 

or. Complete Art of Making Fireworks. 
By Thomas Kentish. With numerous 
Illustrations. Cr. bvo, cl. extra, 4s. 6d. 

Rabelais’ Works. Faithfully 

Translated from the French, with 
variorum Notes, and numerous charac- 
teristic Illustrations by Gustave 
Dor6. Crown 8vo, cloth extra, 7 s. 6d. 

Rambosson. — Popular Astro- 
nomy. By J. Rambosson, Laureate 
of the Institute of France. Trans- 
lated by C. B. Pitman. Crown bvo, 
cloth gilt, with numerous Illustrations, 
and a beautifully executed Chart of 
Sp ectra, 7s. Gd. 

Reader’s Handbook (The) of 
Allusions, References, Plots, and 
Stories. By the Rev. Dr. Brewer. 
Third Edition, revised throughout, 
with a New Appendix, containing a 
Complete English Bibliography. 
Crown 8vo, 1,400 pages, cloth extra, 
7 s._ 6 d. 

Richardson. — A Ministry of 
Health, and other Papers. By Ben- 
jamin Ward Richardson, M.D., &c. 
Cxown 8vo, cloth extra, 6l. 


Reade (Charles, D.C.L.), Novels 

by. Post 8vo, illustrated boards, 2 s. 
each ; or crown Bvo, cloth extra, Il- 
lustrated, 3 s. 6d. each. 

Peg Woffington. Illustrated by S. L. 
Pildes, A. R.A. 

Christie Johnstone. Illustrated by 
William Small. 

It is Never Too Late to Mend. Il- 
lustrated by G. J. Pinwbll. 

The Course of True Love Never did 
run Smooth. Illustrated by Helen 

Paterson. 

The Autobiography of a Thief; Jack 
of all T rndes; and James Lambert. 
Illustrated by Matt Stretch. 

Love me Little, Love ms Long. Il- 
lustrated by M. Ellen Edwards. 
The Double Marriage. Illustrated 
by Sir John Gilbert, R.A., and 
Charles Keene. 

The Cloister and the Hearth. Il- 
lustrated by Charles Keene. 

Hard Cash. Illustrated by F. W. 

Lawson. 

Griffith Gaunt. Illustrated by S. L. 

Fildes, A.R.A., and Wm. Small. 
Foul Play. Illustrated by George 
D u Maurif.r. 

Put Youreelf In His Place. Illus- 
trated by Robert Barnes. 

A Terrible Temptation. Illustrated 
by Ei>w. Hughes and A. W. Cooper. 
The Wandering Heir. Illustrated 
by Helen Paterson, S. L. Fildes, 
A.R.A.,CiiARLEsGREKN,and Henry 
Woods, A.R.A. 

A Simpleton. Illustrated by Kate 

Craufokd. 

A Woman Hater. Illustrated by 

Thos. Couldkhy. 

Readlana. With a Steel Plate Portrait 
of Charles Reade. 

A New Collection of Stories. In 
Three Vols., crown Bvo. [P re parin g . 

Riddell (Mra. J. H.), Novels by: 

Crown 8vo, cloth extra, Ss. 6d. each ; 
post Bvo, illustrated boards, 2 s. each 
Her Mother's Darling. 

The Princ e of Wa les's Garden Party. 

Rlmmer (Alfred), Works by : 
Our Old Country Towns. With over 
50 lllusta. Sq. 8vo, cloth gilt, 10 s. 6d. 
Rambles Round Eton and Harrow. 

50 Ulusts. Sq. 8vo, cloth gilt, 10 s. 6d. 
About England with Dickens. With 
58 Illustrations by Alfred Rimmf.b 
and C. A. Vandkrhoof. Square 8v*. 
cloth gilt, 10s. 6d. 
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ioblnson (F. W.), Novels by: 

Women are Strange. Cr. 8vo, cloth 
extra, 3s. 6d ; post 8vo, illust. bds., 2s. 
The Hands of Justice. Crown 8vo, 
cloth extra, 38. 6d. 

Robinson (Phil), Works by: 

The Poets’ Birds. Crown 8vo, cloth 
extra, 78. 6(1. 

The Poets’ Beasts. Crown 8vo, cloth 
extra, 7s. 6d. [In preparation, 

Robinson Crusoe : A beautiful 
reproduction of Majors Edition, with 
3 j Woodcuts and Two Steel Plates by 
George Cruikshank, choicely printed, 
Crown 8vo, cloth extra, 7s. 6d. ioo 
Large-Paper copies, printed on hand- 
made paper, with India proofs of the 
Illustrations, price 363. 


Rochefoucauld's Maxims and 

Moral Reflections. With Notes, and 
an Introductory Essay by Sainte- 
Beuve. Post 8vo, cloth lintp, 2s. 

^oll of Battle Abbey, The ; or, 

A List of the Principal Warriors who 
came over from Normandy with Wil- 
liam the Conqueror, and Settled in 
this Country, a.d. 1066-7. With the 

principal Arms embla;oned in Gold 
and Colours, Ilaiidsun ely printed, 
price 68. 

Towley (Hon. Hugh), Works by: 

Post 8vo, cloth limp, 2s. 6d. each. 
Punlana: Riddles and Jokes. With 
numerous Illustrations. 

More Punlana. Profusely Illustrated. 

Russell (Clark).— Round the 
Galley Fire. By W. Clark Russell, 
Author of “The Wreck of the 
Grosvenor." Cr. 8vo, cloth extra, 6s. 

Bala.— Gaslight and Daylight. 

By George Augustus Sala. Post 
8vo, illustrated boards. 2s. 

6anson. — Seven Generations 
ot Executioners: Memoirs of the 
Sanson Family (1688 to 1847). Edited 
by Henry Sanson. Crown 8vo, cloth 
_ extra, 3s 6<L 

Saunders (John), Novels by : 

Crown 8vo, cloth extra, 3s. 6d. each ; 
p 8vo, illustrated boards, 2s. each. 
Bound to the Wheel. 

One Against the World. 

Guy Waterman. 

The Lion In the Path. 

*he Two Dreamers. 


Science Gossip: An Illustrated 

Medium of Interchange for Students 
and Lovers of Nature. Edited by J. E. 
Taylor, F.L.S., &c. Devoted to Geo- 
logy, Botany, Physiology, Chemistry, 
Zoology, Microscopy, Telescopy, Phy- 
siography, &c. Price 4d. Monthly ; or 
6s. per year, post free. It contains 
Original Illustrated Articles by the 
best- known Writers and Workers of 
the day. A Monthly Summary of Dis- 
covery and Progress in every depart- 
ment of Natural Science is given. 
Large space is devoted to Scientific 
“ Notes and Queries,” thus enabling 
every lover of nature to chronicle his 
own original observations, or get his 
special difficulties settled. For active 
workers and collectors the “ Exchange 
Column ” has long proved a well and 
widely known means of barter and 
exchange. The column devoted to 
“ Answers toCorrcspondents” has been 
found helpful to students requiring 
personal help in naming specimens, &c. 
The Volumes of Science Gossip for the 
last eighteen years contain an unbroken 
History ofthe advancement of Natural 
Science within that period. Each 
Number contains a Coloured Plate 
and numerous Woodcuts. Vols. I . to 
XIV. may be had at 7s. 6d. each ; and 
Vols. XV. to XIX. (1883), at 6s. each. 


“Secret Out” Series, The: 

Crown Svo, cloth extra, profusely Illus- 
trated, 4s. Cd. each. 

The Secret Out: One Thousand 
Tricks with Cards, and other Re- 
creations; with Entertaining Experi- 
ments in Drawing-room or “White 
Magic." By W. U. Cremer. 300 
Engravings. 

The Pyrotechnist’s Treasury; or. 

Complete Art ot Making Fireworks. 
By Thomas Kentish. With numer- 
ous Illustrations. 

The Art of Amusing : A Collection of 
Graceful Arts, Games,Tricks, Puzzles, 
and Charades. By Frank Bellew. 
With 300 Illustrations. 

Hanky Panky: Very Easy Tricks, 
Very Difficult Tricks, White Magic, 
Sleight of Hand. Edited by W. H. 
Cremer. With 200 Illustrations. 
The Merry Circle: A Book of New 
Intellectual Games and Amusements. 
By Clara Bellew. With many 
Illustrations. 

Magician’s Own Book: Performances 
with Cups and Balls, Eggs, Hats. 
Handkerchiefs, &c. All from actual 
Experience. Edited by W. H. Cmh 
her. 800 Illustrations. 
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The "Secret Out” Series, continued — 
Magic No Mystery: Tricks with 
Cards, Dice, Balls, &c., with fully 
descriptive Directions; the Art of 
Secret Writing; Training of Per- 
forming Animals, &c. With Co- 
loured Frontispiece and many Illus- 
trations. __ 

Senior (William), Works by : 

Travel and Trout In the Antipodes. 

Crown 8 vo, cloth extra, 6s. 

By Stream and Sea. Post 8vo, cloth 
limp, 2s. 6d. 

Seven Sagas (The) of Prehis- 
toric Man. By James H. Stoddart, 
Author of “ The Village Life.” Crown 
8vo, cloth extra, 6s, 

Shakespeare : 

The First Folio Shakespeare— Mr. 
William Shakespeare’s Comedies, 
Histories, and Tragedies. Published 
according to the true Originall Copies. 
London, Printed by Isaac Iaggakd 
and Ed. Blount. 1623.^-A Repro- 
duction of the extremely rare original, 
in reduced facsimile, by a photogra- 
phic process — ensuring the strictest 
accuracy in every detail. Small 8vo, 
half-Roxburghe, 7g. 6d. 

The Lansdowne Shakespeare. Beau- 
tilully printed in red and black, in 
small but very clear type. With 
engraved facsimile of Dkoeshout’s 
Portrait. Post 8vo, cloth extra, 7s. 6d. 
Shakespeare for Children: Tales 
from Shakespeare. I3y Chaklej 
and Mary Lamb. With numerous 
Illustrations, coloured and plain, by 
J. Move Smith. Crown 4to, cloth 
gilt, 6s. 

The Handbook of Shakespeare 
Music. Being an Account of 350 
Pieces of Music, set to Words taken 
from the Plays and Poems of Shake- 
speare, the compositions ranging 
from the Elizabethan Age to the 
Present Time. By Alfred RoFrs. 
4 to, half-Roxburghe, 78. 

A Study of Shakespeare. By Alger- 
non Charles Swinburne. Crown 
8vo, cloth extra, 8s. 

8helley'8 Complete Works, in 

Four Vols., post 8vo, cloth limp, 8a. ; 
or separately, 2s. each. Vol. I. con- 
tains his Early Poems, Queen Mab, 
Ac., with an Introduction by Leigh 
Hunt; Vol. II., bis Later Poems, 
Laon and Cythna, Ac.; Vol. III., 
Posthumous Poems, the Shelley Papers, 
Ac. ; Vol. IV.. his Prose Works, in- 
cluding A Refutation of Deism, Zm* 
trossi, St* Uvyae, Aa 


Sheridan’s Complete Works, 

with Life and Anecdotes. Including 
his Dramatic Writings, printed from 
the Original Editions, his Works in 
Prose and Poetry, Translations, 
Speeches, Jokes, Puns, Ac. With a 
Collection of Sheridaniana. Crown 
8vo, cloth extra, gilt, with 10 full-pags 
Tinted Illustrations, 7s. 6d. 


Short Sayings of Great Men. 

With Historical and Explanatory 
Notes by Samuel A. Bent, M.A, 
Demy 8vo, cloth extra, 7a. 6d. 

Sidney's (Sir Philip) Complete 

Poetical Works, including all those in 
"Arcadia.” With Portrait, Memorial- 
Introduction, Essay on the Poetry ol 
Sidney, and Notes, ty the Rev. A. B. 
Grosart, D.D. Ibiee Vols., crown 
8vo, cloth boards, 188. ___ 

Signboards : Their History. 
With Anecdotes of Famous Taverns 
and Remarkable Characters. By 

t ACOB Larwood and John Camden 
Iotten. Crown 8vo, cloth extra, 
with 100 Illustrations, 7s. 6d. 


Sims (G. R.) f Works by : 

How the Poor Live. With 60 Illus- 
trations by Fred. Barnard. Large 
4to, Is. 

Horrible London. Reprinted, with 
Additions, from the Daily Kcws. 
Large 4to, 6d. [Shortly. 

Sketchley. — A Match in the 
Dark. By Arthur Sketchley. Post 
8 vo, illustrated b oards, 2 s. 

Slang Dictionary, The: Ety- 
mological, Historical, and Anecdotal. 
Crown 8vo, cloth extra, gilt, 6s. 6d. 

v Smith (J. Moyr), Works by : 
The Prince of Argofla : A Story of the 
Old Greek Fairy Time. By J. Moyr 
Smith. Small 8vo, cloth extra, with 
130 Illustrations, Ss. fid. 

Tatea of Old Thule. Collected and 
Illustrated by J. Moyr Smith. 
Crown 8vo, cloth gilt, profusely Il- 
lustrated, 6t. 

The Wooing of the Water Witch: 

A Northern Oddity. By Evan Dal- 
dorne. Illustrated by ]. Moyr 
Smith. Small 8vo, cloth extra, 6s. 

South-West, The New : Travel- 
ling Sketches from Kansas, New 
Mexico, Arizona, and Northern Mexico. 
By Ernst von Hesse-Warteoo. 
With 100 fine Illustrations and 3 Maps, 
tvo, doth extra, 148. [In preparation. 
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Spaldlng.-Ellzabethan Demon- 
ology : An Essay in Illustration of 
the Belief in the Existence of Devils, 
and the Powers possessed by Them. 
By T. Alfred Spalding, LL.B. 
Crown 8vo, clo t h extr a, 5 s. 

8peight. — The Mysteries of 
Heron Dyke. By T. W. Speight. 
With a Frontispiece by M. Ellen 
Edwards. Crown 8vo, cloth extra, 
38 . 6d. ; post 8vo, illustrated boa rds, 2a. 

8penser for Children. By M. 

H. Towry. With Illustrations ny 
Walter J. Morgan. Crown 4to, with 
Coloured Illustrations, cloth gilt, 63 

Staunton. — Laws and Practice 

of Chess; Together with an Analysis 
of the Openings, and a Treatise on 
End Games. By Howard Staunton. 
Edited by Robert B. Wormald. New 
Editio n, small cr. Svo, cloth extra, 5 s. 

8terndaie.— The Afghan Knife: 
A Novel. By RobehtArmitageStern- 
dale. Cr. 8 vo, cloth extra, 3s. 6(1. ; post 
8v o, illustrated boards, 2s. 

Stevenson (R. Louis), Works by: 
Travels with a Donkey In the 
Cevennes. Frontispiece by Walter 
Crane. Post 8vo, cloth limp, 2 s. 6d. 
An Inland Voyage. With a Frontis- 
piece by Walter Crane. Post 8vo, 
cloth limp, 28. 6d. 

Vlrglnlbus Puerlsque, and other 
Papers. Crown 8vo, cloth extra, 6l. 
Familiar .Studies of Men and Books. 

Crown 8vo, cloth extra, 6s. 

New Arabian Nights. Crown 8vo, 
cl. extra, 6s. ; post 8vo, illust. bds , 2s. 
The Silverado Squatters. With 
Frontispiece. Cr. 8vo, cloth extra, 6s. 

St.John. — A Levantine Family. 

By Bayle St.John. Pott 8vo, illus- 
trated boards, 2s. 

Stoddard.— Summer Cruising 
In the South Seas. By Charles 
Warren Stoddard. Illustrated by 
Wallis Mackay. Crown 8vo, cloth 
extra, 3a. 6d. 

St. Pierre.— Paul and Virginia, 
and The Indian Cottage. By Ber* 
nardin de St. Pierre. Edited, with 
Life, by the Rev. E. Clarke. Post 
8vo, cloth limp, 2s. 

Stories from Foreign Novel- 
ists. With Notices of their Lives and 
Writings. By Helen and Alice Z im- 
mern ; and a Frontispiece. Crown 
Bvo, doth extra, 8a. 6d. 


Strutt’s Sports and Pastimes 
of the People of England; including 
the Rural and Domestic Recreations, 
May Games, Mummeries, Shows, Pro- 
cessions, Pageants, and Pompous 
Spectacles, from the Earliest Period 
to the Present Time. With 140 Illus- 
trations. Edited by William Hone. 
Crown 8vo, cloth extra, 7 s. 6d. 

Suburban Homes (The) of 

London : A Residential Guide to 
Favourite London Localities, their 
Society, Celebrities, and Associations. 
With Notes on their Rental, Rates, and 
House Accommodation. With a Map 
of Suburban London. Crown 8vo, 
cloth extra, ?8. 6d. 

i Swift s Choice Works, in Prose 
and Verse. With Memoir, Portrait, 
and Facsimiles of the Maps in the 
Original Edition of M Gulliver’s 
Travels.*’ Cr. 8vo, cloth extra, 78 . 6d. 

Swinburne (Algernon C.), 

Works by: 

The Queen Mother and Rosamond 

Fcap. 8vo, 5 s. 

Atalanta In Calydon. Crown 8vo, 68. 
Chaatelard. ATragedy. Crown 8vo, 
7 s. 

Poems and Ballads. First Series. 
Fcap. 8vo, 9 a. Also in crown 8vo, 
at same price. 

Poems and Ballads. Second Series. 
Fcap. bvo, 9 a. Also in crown 8vo, at 
same price. 

Notes on Poems and Reviews. 8vo, 
Is. 

William Blake: A Critical Essay. 
With Facsimile Paintings. Demy 
8 vo, 16 s. 

Songs before Sunrise- Crown 8vo. 
10a. 6d. 

Both well: A Tragedy. Crown 8vo, 
12s. 6d. 

George Chapman: An Essay. Crown 

8vo. 7 s. 

Songs of Two Nations. Cr. 8vo, 6a. 
Essays and Studies. Crown 8vo, 12s. 
Erechtheus: A Tragedy, Crown 8vo, 
6s. 

Note of an English Republlean on 
the Muscovite Crusade. 8vo, Is. 
A Note on Charlotte Bronte. Crown 

8vo, 68. 

A Study of Shakespeare. Crown 

8vo, 88. 

Song* of the Springtides. Crown 

8vo, 6s. 

Studies in Song. Crown 8to, 7a. 
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A. C. Swinburne's Works, continued — 
Mary Stuart: A Tragedy. Crown 
8vo, 8s. 

Tristram of Lyonesse, and other 

Poems. Crown 8vo, 9s. 

A Century of Roundels. Small 4to, 
cloth extra, 8s. 

Syntax’s (Dr.) Three Tours: 

In Search of the Picturesque, in Search 
of Consolation, and in Search of a 
Wife. With the whole of Rowland- 
son’s droll page Illustrations in Colours 
and a Life of the Author by T. C. 
Hqtten. M ediuin 8vo, cl. extra, 7s. 6d. 

Taine’s History of English 
Literature. Translated by Henry 
Van Laun. Four Vols., small 8vo, 
cloth boards, 80s.— Popular Edition, 
Two Vols., c rown 8vo, cloth extra, 15s. 

Taylor (Dr.).— The Sagacity 
and Morality of Plants: A Sketch 
of the Life and Conduct of the Vege- 
table Kingdom. By J. E. Taylor, 
F.L.S., &c. With Coloured Frontis- 
piece and ioo Illustrations. Crown 8vo, 
cloth extra, 7s. 6d. 

Taylor's (Bayard) Diversions 

of the Echo Club: Burlesques of 
Modern Writers. Post 8vo, cl. limp, 2s. 

Taylor’s (Tom) Historical 

Dramas: “Clancarty,” “Jeanne 

Dare,” “’Twixt Axe and Crown,” 
“ The Fool’s Revenge,” “ Arkwright’s 
Wife,” ‘‘Anne Boleyn,” “Plot and 
Passion.” One Vol., crown 8vo, cloth 
extra, 78. 6d. 

*** The Plays may also be had sepa- 
rately, at Is. each. 

Thackerayana: Notes and Anec- 
dotes. Illustrated by Hundreds of 
Sketches by William Makepeacb 
Thackeray, depicting Humorous 
Incidents in his School-life, and 
Favourite Characters in the books of 
his every-day reading. With Coloured 
Frontispiece. Cr. 8vo, cl. extra, 7s. 6d. 

Thomas (Bertha), Novels by. 

Crown 8vo, cloth extra, 3s. 6d. each j 
post 8vo, illustrated boards, 2g. each. 
Cresslda. 

Proud Mal8le. 

The Violin Player. 

Thomson’s Season sand Castle 
of Indolence. With a Biographical 
and Critical Introduction by Allan 
Cunningham, and over 50 fine Illustra- 
tions on Steel and Wood. Crown 8vo, 
doth extra, gilt edges, 7s. 6d. 


Thomas (M.).— A Fight for Life : 

A Novel. By W. Moy Thomas. Post 

8vo, illustrated boards, 28. 

Thornbury (Walter), Works by 

Haunted London. Edited by Ho- 
ward Walford, M.A. With Illus- 
trations by F. W. Fairholt, F.S.A. 
Crown 8vo, cloth extra, 7s. 6d. 

The Life and Correspondence of 
J. M. W. Turner. Founded upon 
Letters and Papers furnished by his 
Friends and fellow Academicians. 
With numerous Illustrations in 
Colours, facsimiled from Turner’s 
Original Drawings. Crown 8vo, cloth 
extra, 7s. 6d. 

Old Stories Re-told. Post 8vo, cloth 
limp, 2s. 6d. 

Tales for the Marlnee. Post 8vo, 

illustrated boards, 2s. 

TImbs (John), Works by: 

The History of Clubs and Club Life 
In London. With Anecdotes of its 
Famous Coffee-houses, Hostelries, 
and Taverns. With numerous Illus- 
trations. Cr. 8vo, cloth extra, 7s. Gd. 

English Eccentrics and Eccen- 
tricities: Stories of Wealth and 
Fashion, Delusions, Impostures, and 
Fanatic Missions, Strange Sights 
and Sporting Scenes. Eccentric 
Artists, Theatrical Folks, Men of 
Letters, &c. With nearly 50 Illusts. 
Crown 8vo, cloth extra, 7s. 6d. 

Torrens. — The Marquess 

Wellesley, Architect of Empire. An 

Historic Portrait. By W. M. Tor- 
rens, M.P. Demy 8vo, cloth extra, 14s. 

Trollope (Anthony), Novels by: 

Crown 8vo, cloth extra, 3s. 6d. each ; 

post 8vo, illustrated boards, 2s. each. 
The Way We Live Now. 

The American Senator. 

Kept In the Dark. 

Frau Frohmann. 

Marion Fay. 

Mr. Scarborough’s FamRy. Crown 
8vo, cloth extra, 3s. 6d. 

The Land-Leaguere. Crown 8vo, 
cloth extra, 3s. 6d. [ Shortly . 

T rollope(France8E.),Novelsby 

Like Ships upon the Sea. Crown 
8vo, cloth extra, 3s. 6d. ; post Bvo, 
illustrated boards, 2s. 

Mabel’s Progress. Crown 8vo, cloth 
extra, 3s. 6a. 

Anne Furness. Crown Bvo, cloth 
extra, 3s. 6d. 
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T rollape (T. A.).— Diamond Cut 

Diamond, and other Stories. By 
Thomas Adolphus Trollops, crown 
8vo, cloth extra, 3s. 6d.; post 8vo, 
illustrated boards, 2s. 


Tytler (Sarah), Novels by: 

Crown 8vo, cloth extra, 3s. 6d. each ; 
post 8vo, illustrated boards, 2s. each. 
What She Came Through. 

The Bride’s Pass. 


Van Laun.— History of French 
Literature. By Henry Van Leun. 
Complete in Three Vols., demy 8vo, 
cloth boards, 7 s. 6d. each. 

Villari. — A Double Bond: A 

Story. By Linda Villari, Fcap. 
8vo, picture cover, Is, 


Walcott.— Church Work and 

Life In English Minsters; and the 

English Student’s Monasticon. By the 

Rev. Mackenzie E. C. Walcott, B.D. 

Two Vols., crown 8vo, cloth extra, 

with Map and Ground-Plans, 14 s. 

Walford (Edw., M.A.), Works by : 

The County Families of the United 
Kingdom. Containing Notices of 
the Descent, Birth, Marriage, Educa- 
tion, &c„ of more than 12,000 dis- 
tinguished Heads of Families, their 
Heirs Apparent or Presumptive, the 
Offices they hold or have held, their 
Town and Country Addresses, Clubs, 
&c. Twenty-fourth Annual Edition, 
for 1884, doth, full gilt, 60s. [Shortly. 

The Shilling Peerage ( 1884 ). Con- 
taining an Alphabetical List of the 
House of Lords, Dates of Creation, 
Lists of Scotch and Irish Peers, 
Addresses, &c. 32100, cloth, 1 b. 

Published annually. 

The Shilling Baronetage (1884). 
Containing an Alphabetical List of 
the Baronets of the United Kingdom, 
short Biographical Notices, Dates 
of Creation, Addresses, &c. 321110, 
cloth, 18. Published annually. 

The Shilling Knightage (1884). Con- 
taining an Alphabetical List of the 
Knights of the United Kingdom, 
short Biographical Notices, Dates 
of Creation, Addresses, &c. 321110, 
cloth, lB. Published annually. 

The Shilling House of Commons 
(1884). Containing a List of all the 
Members of the British Parliament, 
their Town and Country Addresses, 
&c. wmo, cloth, 1*. Published 
annually. 


Edw. Walford’s Works, continued — 
The Complete Peerage, Baronet* 
age, Knightage, and House of 
Commons (1884). In One Volume, 
royal 32mo, cloth extra, gilt edges, 
5s. Published annually. 

Haunted London. By Walter 
Thornbury. Edited by Edward 
Walford, M.A. With Illustrations 
by F. VV. Fairholt, F.S.A. Crown 
8vo, cloth extra, 7a. 6d. 

Walton and Cotton’s Complete 

Angler; or, The Contemplative Man's 
Recreation ; being a Discourse of 
Rivers, Fishponds, Fish and Fishing, 
written by Izaak Walton ; and In- 
structions how to Angle for a Trout or 
Grayling in a clear Stream, by Charles 
Cotton. With Original Memoirs and 
Notes by Sir Harris Nicolas, and 
6x Copperplate Illustrations. Large 
crown 8vo, cloth antique, 7s. 6d. 

Wanderer’s Library, The: 

Crown 8vo, cloth extra, 3s. 6d. each. 
Wanderings In Patagonia; or, Life 
among the Ostrich Hunters. By 
Julius Beerbohm. Illustrated. 
Camp Notes: Stories of Sport and 
Adventure in Asia, Africa, and 
America. By Frederick Boyle. 
Savage Life. By Frederick Boyle. 
Merrle England In the Olden Tims. 
By George Daniel. With Illustra- 
tions by Rout. Cruikshank. 

Circus Life and Circus Celebrities. 
By Thomas Frost. 

The Lives of the Conjurers. By 

Thomas Frost. 

The Old Showmen and the Old 
London Fairs. By Thomas Frost. 
Low Life Deeps. An Account of the 
Strange Fish to be found there. By 
James Greenwood. 

The Wilds of London. By James 
Greenwood. 

Tunis: The Land and the People. 
By the Chevalier de Hesse-War- 
tegg. With 22 Illustrations. 

The Life and Adventures of a Cheap 
Jack. By One of the Fraternity. 
Edited by Charles Hindley. 

The World Behind the Scenes. By 
Percy Fitzgerald. 

Tavern Anecdotes and Sayings: 
Including the Origin of Signs, and 
Reminiscences connected with Ta- 
verns, Coffee Houses, Clubs, &o. 
By Charles Hindley. With Illusts, 
The Genial Showman: Life and Ad- 
ventures of Artemus Ward. By E. P. 
Hiwgston. With a Frontispiece, 
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Thb Wanderer's Library, continued ** 

The Story of the London Parke. 
By Jacob Larwood. With lllus* 
trations. 

London Characters. By Henry May* 
hew. Illustrated. 

Seven Generations of Executioners : 
Memoirs of the Sanson Family 
(1688 to 1847). Edited by Henry 
Sanson, 

Summer Cruising In the South 
Seas. By Charles Warren 
Stoddard. Illustrated by Wallxs 
Mac kay. 


Warner. — A Roundabout Jour- 
ney. By Charles Dudley Warner, 
Author of “My Summer in a Garden.*' 
Crown 8 vo, cloth extra, 6s. 


Warrants, &c.:— 

Warrant to Execute Charles I. An 

exact Facsimile, with the Fifty-nine 
Signatures, and corresponding Seals. 
Carefully printed on paper to imitate 
the Original, 22 in. by 14 in. Price 28. 

Warrant to Execute Mary Queen of 
Scots. An exact Facsimile, includ- 
ing the Signature of Queen Eliza- 
beth, and a Facsimile of the Great 
Seal. Beautifully printed on paper 
to imitate the Original MS. Price 

Magna Charta. An Exact Facsimile 
of the Original Document in the 
British Museum, printed on fine 
plate paper, nearly 3 feet long by 2 
feet wide, with the Arms and Seals 
emblazoned in Gold and Colours. 
Price 5 b. 

Tha Roll of Battle Abbey; or, A List 
of the Principal Warriors who came 
over from Normandy with William 
the Conqueror, and Settled in this 
Country, a.d. 1066-7. With the 
principal Arms emblazoned in Gold 
and Colours. Price 68. 


Westropp— Handbook of Pot- 
tery and Porcelain : or. History of 
those Arts from the Earliest Period. 
By Hodder M. Westropp. With nu- 
merous Illustrations, and a List of 
Marks. Crown 8vo, cloth limp, 48 . 6d. 


Whistler v. Ruskln: Art and 
Art Critics. By J. A. Macneill 
Whistler. Seventh Edition, square 
8vo, 18. 

White’s Natural History of 
Selborne. Edited, with Additions, by 
Thomas Brown, F.L.S. Post 8vo, 
doth limp, 2 s. 


Williams (W. Mattleu, F.R.A.S.), 

Works by ; 

Science Notes. See the Gentleman's 
Magazine. Is. Monthly. 

Science In Short Chapters. Crown 
8vo, cloth extra, 7s. 61. 

A Simple Treatise on Heat. Crown 
8vo, cloth limp, with Illusts., 2 b. 6d. 

Wilson (Dr. Andrew, F.R.S.E.), 

Works by : 

Chapters on Evolution: A Popular 
History of the Darwinian and 
Allied Theories of Development. 
Second Edition. Crown 8vo, cloth 
extra, with 259 Illustrations, 78 . 6d. 
Leaves from a Naturalist’s Note- 
book. Post 8vo, cloth limp, 2 s. 6d. 
Leisure-Time Studies, chiefly Bio- 
logical. Second Ed tion. Crown 8vo, 
cloth extra, with Illustrations, 6s. 

Wilson (C.E.). — Persian Witand 
Humour: Being the Sixth Book of 
the Baharistan of Jami, Translated 
for the first time from the Original 
Persian into English Prose and Verse. 
With Notes by C. E. Wilson, M.R. A.S.. 
Assistant Librarian Royal Academy of 
Arts. Cr. 8vo, parchment binding, 4 s. 

Winter (J. S.), Stories by: 

Crown 8vo, cloth extra, 3 s. 6 d. each; 
post 8 vo, illustrated boards, 28. each. 
Cavalry Life. 

Regimental Legends. 

Wood.— Sabina: A Novel. By j 
Lady Wood. Post 8vo, illustrated 1 
boards, 2s. jj 

Words, Facts, and Phrases: 1 

A Dictionary of Curious, Quaint, and 
Out-ofthe-Way Matters. By Eliezer i 
Edwards. Cr. 8vo, half-bound, 12s. 6<L ! 

l 

Wright (Thomas), Works by: 1 

Caricature History of the Georgee. 
(The House of Hanover.) With 400 
Pictures, Caricatures, Squibs, Broad- 1 
sides, Window Pictures, &c. Crown j 
8vo, cloth extra, 7s. 6(1. 

History of Caricature and of the * 
Grotesque In Art, Literature, 
Sculpture, and Painting. Profusely 
Illustrated by F, W. Fairholt, 1 
F.S.A. Large post 8vo, cloth extra, 

78 . 6d . 

Yates (Edmund), Novels by: 

Post 8vo, illustrated boards 2 s, each* 
Castaway. 

The Forlorn Hops 
Land st Last 
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NOVELS BY THE BEST AUTHORS. 

At every Library. 


Princess Napraxlns. By Ouida. 

Three Vols. [ Shortly . 

Dorothy Forster. By Walter 
Be sant. Three Vols. [ Shortly . 
The New Abelard. By Robert Bu- 
chanan. Three Vols. 

"ancy-Free. So o. By Charles Gibbon. 
Three Vols. 

lone. E. Lynn Linton. Three Vols. 
The Way of the World. By D. Chris- 
tie Murray. Three Vols. 


Maid of Athens. By Justin McCarthy, 
M.P. With 12 Illustrations by Fred. 
Barnard. Three Vols. 

The Canon’s Ward. By James Payn. 

Three Vols. 

A Real Queen. By R. E. Francillon. 

Three Vols. 

A New Collection of Stories by 
Charles Reade. Three Vols. 

[/a preparation. 


THE PICCADILLY NOVELS. 


Popular Stories by the Best Authors. Library Editions, many Illustrated, 
crown 8vo, cloth extra, 3s. 6d. each. 


BY MRS . ALEXANDER. 

Maid, Wife, or Widow ? 

Y W. BESANT & JAMES RICE, 
3eady-Money Mortlboy. 

Vly Little Girl. 

The Case of Mr. Lucraft. 

This Son of Vuloan. 

.Vlth Harp and Crown. 

The Golden Butterfly. 

3y Celia’s Arbour. 

The Monks of Thelema. 

Twas In Trafalgar’s Bay. 

The Seamy Side. 

“he Ten Years’ Tenant. 

“he Chaplain of the Fleet. 

BY WALTER BESANT . 

.11 Sorts and Conditions of Men. 
‘he Captains’ Room. 

+ BY ROBERT BUCHANAN • 

. Child of Nature. 

3od and the Man. 

“he Shadow of the Sword. 

"he Martyrdom of Madeline. 

.ove Me for Ever 

Y MRS . H, LOVETT CAMERON, 
Deceivers Ever. 

ullet’s Guardian. 


BY MORTIMER COLLINS, 
Sweet Anne Page. 
Transmigration. 

From Midnight to Midnight. 


MORTIMER & FRANCES COLLINS . 
Blacksmith and Scholar. 

The Village Comedy. 

You Play me False. 


BY WILKIE COLLINS. 


Antonina. 

Basil. 

Hide and Seek. 
The Dead Secret. 
Queen of Hearts. 
My Miscellanies. 
Woman In White. 
The Moonstone. 
Man and Wife. 
Poor Miss Finch. 
Miss or Mrs. P 


New Magdalen. 
The Frozen Deep. 
The Law and tha 
Lady. 

TheTwo Destinies 
Haunted Hotel 
The Fallen Leaves 
Jezebel’sDaughter 
The Black Robs. 
Heart and Sclencs 


BY DUTTON COOK . 

Paul Foster’s Daughter 

BY WILLIAM CYPLBS. 
Hearts of Gold. 

BY JAMES i OB MILLS . 

A Castls In Spain. 

BY J. LEITH DERWENT . 
Our Lady of Tsara. | Clres’s Lovsne 
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Piccadilly Novels, continued — 

BY M. BETH AM-ED WARDS. 
Felicia. I Kitty. 

BY MRS. ANNIE EDWARDES . 
Archie Lovell. 

BY R. E. FRANCILLON. 
Olympia. | Queen Cophetua. 

One by One. 

Prefaced by Sir BARTLB FRERB. 
Pandurang Harl. 

BY EDWARD GARRETT. 

The Capel Girls. 

BY CHARLES GIBBON. 

Robin Gray. 

For Lack of Gold. 

In Love and War. 

What will the World Bay f 
For the King. 

In Honour Bound. 

Queen of the Meadow. 

In Pastures Green. 

The Flower of the Forest. 

A Heart’s Problem. 

The Braes of Yarrow. 

The Golden Shaft. 

Of High Degree. 

BY THOMAS HARDY. 

Under the Greenwood Tree. 

BY JULIAN HA WTHORNE. 
Garth. 

Ellice Quentin. 

Sebastian Strome. 

Prince Saroni’s Wife. 

Dust. 

Fortune’s Fool. 

BY SIR A. HELPS. 

Ivan de Biron. 

BY MRS. ALFRED HUNT . 
Thornlcroft’s Model. 

The Leaden Casket. 
Self-Condemned 

BY JEAN INGELOW. 

Fated to be Free. 

BY HENRY JAMES, Jun. 
Confidence. 

BY HARRIETT JA Y. 

The Queen of Connaught. 

The Dark Colleen. 

BY HENRY KINGSLEY , 
Number Seventeen. 

Oakshott Castle. 


Piccadilly Novels, continued — 

BY E. LYNN LINTON. 
Patricia Kemball. 

Atonement of Learn Dundee. 

The World Well Lost. 

Under which LordP 
With a Silken Thread. 

The Rebel of the Family. 

“My Love I” 

BY HENRY W. LUCY. 
Gideon Fleyce. 

by justin McCarthy, m.p . 
The Waterdale Neighbours. 

My Enemy’s Daughter. 

Llnley Rochford. | A Fair Saxor 
Dear Lady Disdain. 

Miss Misanthrope. 

Donna Quixote. 

The Comet of a Season. 

BY GEORGE MAC DONALD, LL.l 
Paul Faber, Surgeon. 

Thomas Wingfold, Curate. 

BY MRS. MACDONELL. 
Quaker Cousins. 

BY KATHARINE S. MACQUOID 
Lost Rose. | The Evil Eye 

BY FLORENCE MARRY AT. 
Open ! Sesame I | Written In Fir 

BY JEAN MIDDLE MASS . 
Touch and Go. 

BY D. CHRISTIE MURRAY. 
Life’s Atonement. I Coals of Fire. 
Joseph’s Coat. Val Strange. 

A Model Father. I Hearts. 

By the Gate of the Sea. 

BY MRS . O LI PH ANT. 
Whlteladies. 

BY MARGARET A. PAUL. 
Gentle and Slmpla 

BY JAMES PAYN. 

Lost Sir Massing* , High Splrlta 
herd. j Under One Roo 

Best of Husbands Carlyon’s Year 
Fallen Fortunes. A Confidential 
Halves. Agent. 

Walter’s Word. From Exile. 
What He Cost Her A Grape from 
Less * Black than Thorn. 

We’re Painted. For Cash Only. 
Bv Pr>xv. Kl* » A M-Tnnnr, 
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c cad illy Novels, continued — 

BY B. C. PRICE. 
Valentina. 

The Foreigners. 

BY CHARLES READS , D.C.L. 

It le Never Too Late to Mend. 

Hard Cash. | Peg Woffington. 
Christie Johnstone. 

Griffith Gaunt. 

The Double Marriage. 

Love Me Little, Love Me Long. 

Foul Play. 

The Cloister and the Hearth. 

The Course of True Love. 

The Autobiography of a Thief. 

Put Yourself In His Place. 

A Terrible Temptation. 

The Wandering Heir. 1 A Simpleton. 
A Woman-Hater. | Read Ian a. 

BY MRS. J . H. RIDDELL . 

■for Mother's Darling, 
prince of Wales’s Garden-Party. 

BY F. W. ROBINSON. 
Women are Strange. 

The Hands of Justice. 

BY JOHN SA UNDERS. 

Bound to the Wheel. 

Guy Waterman. 

One Against the World. 

The Lion In the Path. 

The Two Dreamers. 


Piccadilly Novels, continued— 

BY T. W. SPEIGHT . 

The Mysteries of Heron Dyke. 

BY R. A. STERN DALE. 

The Afghan Knife. 

BY BERTHA THOMAS 
Proud Malsle. | Cresslda 
The Violin-Player. 

BY ANTHONY TROLLOPE . 

The Way we Live Now. 

The American Senator. 

Frau Frohmann. 

Marion Fay. 

Kept in the Dark 

Mr. Scarborough’s Family. 

The Land Leaguers. 

BY FRANCES E . TROLLOPE 
Like Ships upon the Sea. 

Anne Furness. 

Mabel’s Progress. 

BY T. A. TROLLOPE. 
Diamond Cut Diamond. 

By IVAN TURGENIEFF and Other*. 
Stories from Foreign Novelists. 

BY SARAH TYTLER 
What She Came Through. 

The Bride’s Pass. 

BY J.S. WINTER. 

Cavalry Life. 

Regimental Legends. 


CHEAP EDITIONS OF POPULAR NOVELS. 

Post 8vo, illustrated boards, 2a. each. 


BY EDMOND ABOUT , 

The Fellah. 

BY HAMILTON a!d £ . 

Carr of Carrlyon. | Confidences. 

BY MRS. ALEXANDER . 
Maid, Wife, or Widow P 
BY SHELSLEY BEAUCHAMP. 
'Grantley Grange. 

57 W. BESANT & JAMES RICE. 
Ready- Money Mortlboy. 

With Harp and Crown. 

This Son of Vulcan. 

My Little Girl. 

The Case of Mr. Lucraft. 

The Golden Butterfly. 


By Besant and Rice, continued— 

By Celia’s Arbour. 

The Monks of Thelema. 

T was In Trafalgar's Bay. 

The Seamy Side. 

The Ten Years’ Tenant. 

The Chaplain of the Fleet. 

All Sorts and Conditions of Men 
The Captains’ Room. 

BY FREDERICK BOYLE. 
Camp Notes. | Savage Life 
BY BRET HARTE, 

An Heiress of Red Dog. 

Ths Luck of Roaring Camp. 
Californian Stories. 

Qabrlsl Conroy. 1 Flip 
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Cheat Popular Novels, continued ^ 
BY ROBERT BUCHANAN . 

The Shadow of tho Sword. 

A Child of Nature. 

Qod and the Man. 

The Martyrdom of Madeline. 

Love Me for Ever. 

BY MRS. BURNETT, 

Surly Tim. 

BY MRS. LOVETT CAMERON. 
Deceive re Ever. | Juliet’s Guardian. 

BY M ACL AREN COBBAN. 

The Cure of Soule. 

BY C. ALLSTON COLLINS . 


The Bar Sinister. 

BY WILKIE COLLINS. 


Antonina. 

Basil. 

Hide and Seek. 

The Dead Secret. 

Queen of Hearts. 

My Miscellanies. 

Woman In White. 

The Moonstone. 

Man and Wife. 

Poor Miss Finch. 

BY MORTIMER COLLINS. 
Sweet Anne Page. 
Transmigration. 

From Midnight to Midnight. 

A Fight with Fortune. 


Miss or Mrs. P 
The New Magda- 
len. 

The Frozen Deep. 
Law and the Lady. 
TheTwo Destinies 
Haunted Hotel. 
The Fallen Leavee. 
JezebePsDaughter 
The Black Robe. 


MORTIMER & FRANCES COLLINS. 
Sweet and Twenty. | Frances. 
Blacksmith and Soholar. 

The Village Comedy. 

You Play me False. 

BY DUTTON COOK. 

Leo. I Paul Foster’s Daughter. 


BY J. LEITH DERWENT. 
Our Lady of Tears. 

BY CHARLES DICKENS, 


Sketches by Boz. 

The Pickwick Papers. 

Oliver Twist. 

Nicholas Nickleby. 

BY MRS. ANNIE EDWARDES . 

A Point of Honour. } Archie Lovell. 
BY M. BETH AM-EDW ARDS. 
Felicia. • I Kitty. 

BY EDWARD EGGLESTON, 
Roxy 


Cheap Popular Novels, cottimuti — 
BY PERCY FITZGERALD. 
Bella Donna. | Never Forgottea 
The Seoond Mrs. Tlllotson. 

Polly. 

Seventy flvs Brooke Street. 

BY ALBANY DE FONBLANQUE , 
Filthy Lucre. 

BY R. B. FRANCILLON. 
Olympia. I Queen Cophetu* 
One by One. 

Prefaced by Sir H. BARTLE PRERB 
Pandurang Hart. 

BY HAIN FRISWELL, 

One of Two. 

BY EDWARD GARRETT . 

The Capel Girls. 


BY CHARLES GIBBON. 


Robin Gray. 

For Lack of Gold. 
What will the 
World Say P 
In Honour Bound. 
The Dead Heart. 
In Love and War. 
For the King. 


Queen of the Me* 
dow. 

In Pastures Gree 
The Flower of tt 
Forest. 

A Heart’s Proble 
The Braes of Ya 
row. 


BY WILLIAM GILBERT , 


Dr. Austin’s Guests. 

The Wizard of the Mountain. 
James Duke 

BY JAMES GREENWOOD. 
Dick Temple. 

BY ANDREW HALLWAY. 
Every-Day Papers. 

BY LADY DUFFUS HARDY. 
Paul Wynter’s Saoriflce. 

BY THOMAS HARDY. 


Under the Greenwood Tree. 

BY JULIAN HAWTHORNE. 
Garth. I Sebastian Strom 

Ellice Quentin. I Dust. 

Prince Saronl’e Wife. 

BY SIR ARTHUR HELPS. 
Ivan ds Blron. 


BY TOM HOOD. 
A Golden Heart. 


BY MRS. GEORGE HOOPER. 
The House of Raby. 

BY VICTOR HUGO . 

The Hunch book of Notre Dome, 
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heap Popular Novels, continued — 


Cheap Popular Novels, continued — 


BY MRS . ALFRED HUNT . 
Thorn Icroft’e Model. 

The Leaden Casket. 
Self-Condemned. 

BY JEAN INGELOW . 

Fated to be Free. 

BY HARRIETT JAY . 

The Dark Colleen. 

The Queen of Connaught. 

BY HENRY KINGSLEY. 
akshott Castle. | Number Seventeen 

BY E. LYNN LINTON. 
Patricia Kemball. 

The Atonement of Learn Dundee. 
The World Well Lost. 

Under which Lord ? 

With a Silken Thread. 

The Rebel of the Family. 

"My Love!" 

BY HENRY W. LUCY. 

^Gideon Fleyce. 

“ by justin McCarthy , m.p. 

Dear Lady Disdain. 

The Waterdale Neighbours. 

My Enemy's Daughter. 

A Fair Saxon. 

Llnley Rochford. 

Miss Misanthrope. 

Donna Quixote. 

The Comet of a Season. 

BY GEORGE MACDONALD. 
Paul Faber, Surgeon. 

Thomas Wingfold, Curate. 

BY MRS. MAC DON ELL . 
Quaker Cousins. 

BY KATHARINE S. MACQUOID. 
he Evil Eye. | Lost Ross. 

BY W . H. MALLOCK . 

The New Republic. 

; BY FLORENCE MA RR YA T. 
pen! Sesame! I A Little Stepson. 
Harvest of Wild Fighting the Air. 
Oats. * Written In Fire. 

BY J. MASTERMAN* 
Half-a-dozen Daughters. 


BY D. CHRISTIE MURRAY. 

A Life’s Atonement. 

A Model Father. 

Joseph’s Coat. 

Coals of Fire. 

By the Gate of the Sea. 

BY MRS. OLIPHANT. 
Whlteladles. 

BY MRS. ROBERT O'REILLY. 
Phoebe’s Fortunes. 


BY QUID A 


Held In Bondage. | 

Strathmore. 

Chandos. 

Under Two Flags. 
Idalla. 

Cecil Castle- 
malne. 

Tricotrln. 

Puck. 

Folle Farlne. 

A Dog of Flanders. 
Pascarel. 


TwoLIttleWooden 

Shoes. 

Stgna. 

In a Winter City. 
Ariadne. 
Friendship. 
Moths. 

Plplstrello. 

A Village Com- 
mune. 

Bimbl. 

In Maremma. 


BY MARGARET AGNES PAUL. 
Gentle and Simple. 


BY 7 AMES PAYN. 


Lost Sir Massing- 
berd. 

A Perfect Trea- 
sure. 

Bentlnck’s Tutor. 
Murphy’s Master. 
A County Family. 
At Her Mercy. 

A Woman’s Ven- 
geance. 

Cecil’s Tryst. 
Clyffards of ClyfTe 
The Family Scape- 
grace. 

Foster Brothers. 
Found Dead. 

Best of Husbands 
Walter’s Word. 
Halves. 

Fallen Fortunes. 
What He Cost Her 
Humorous Stories 
Gwendoline’s Har- 
vest. 


Like Father, Like 
Son. 

A Marine Resi- 
dence. 

Married Beneath 
Him. 

Mirk Abbey. 

Not Wooed, but 
Won. 

£200 Reward. 

Less Black than 
We’re Painted. 

By Proxy. 

Under One Roof. 

High Spirits. 

Carlyon’s Year. 

A Confidential 
Agent. 

Some Private 
Views. 

From Exile. 

A Grape from a 
Thorn. 

For Cash Only. 


BY JEAN MIDDLEMA SS. 

push and Go* | Mr. Dorilllon. 


BY EDGAR A. POE. 
Thi Mystery of Marla Roaae. 





